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ABSTRACT 
 
EXPERIMENTAL AND COMPUTATIONAL ANALYSIS OF PALLADIUM-MEDIATED CROSS 
COUPLING 
PART 1: PALLADIUM-CATALYZED DEHYDROGENATICE CROSS-COUPLING OF 
ALKYLARENES WITH CARBON-CENTERED NUCLEOPHILES 
PART II: BLUE LIGHT CATALYZED HECK REACTION OF STYRENE DERIVATIVES WITH 
VARIOUS C–I BONDS 
 
Peter Anthony Amadeo 
Marisa C. Kozlowski 
Part I 
Catalytic Dehydrogenative Cross-Coupling (CDC) is a valuable category 
of chemical reactions due to the eliminated need for prior functionalization and 
high overall atom economy. This work focuses on the experimental and 
computational studies performed while investigating the mechanism of a CDC 
with alkylarenes and carbon-centered nucleophiles. 
 
DFT calculations were carried out to determine the C–H activation 
pathway for the alkylarenes, and it was limited to two possibilities that 
preferentially activate the sp3 C–H bond over the sp2 C–H bond: Pd0-mediated 
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oxidative addition or PdI-mediated concerted metalation deprotonation (CMD). 
Competition experiments were carried out with different alkylarenes to help 
differentiate the two potential routes, but the results were inconclusive. It was 
then discovered that the active catalyst is heterogeneous, which would 
complicate the previous calculations since those were modelling a solvated 
system.  
There are five types of substrates that undergo this unique chemistry, but 
there are eight that do not, so one of the goals was to determine what 
quantitative parameters could explain (and therefore predict) trends in reactivity. 
Calculated monomer and dimer bond dissociation energies (BDEs), radical 
nucleophilicity values, and ligand exchange energies were compared for all 13 
substrates. Kinetic data on each step – monomer dimerization and dimer 
coupling with toluene – provided a quantitative explanation for substrate success. 
Successful dimerization is influenced by monomer C–H BDEs 
Part II 
Vladimir Gevorgyan reported a blue LED catalyzed Heck reaction between 
styrene derivatives and different alkyl and aryl iodides. This work focuses on the 
computational exploration of the role the blue light plays in this transformation. 
While a diabatic photoreaction was considered to explain the iodine atom 
abstraction, this theory was disproven by experimental UV/Vis spectra. A 
Jablonski diagram was constructed and showed that the Pd(PPh3)3 can be 
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photoexcited by blue light to form the first triplet excited state, which can then 
abstract an iodine atom from the starting material.  
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Chapter 1: INTRODUCTION AND EXPANDING THE SUBSTRATE SCOPE 
1.1 Background 
1.1.1 Previously Reported CDC 
In recent years, chemists have developed a multitude of methods to 
construct C–C bonds. These methods range in efficiency and atom economy, but 
the ideal industrial process minimizes byproducts and waste. Catalytic 
dehydrogenative cross-coupling (CDC) is a process through which two C–H 
bonds are broken to form a C–C bond.1 In addition to improving atom economy, 
CDC eliminates the need for prior functionalization. Standard Pd-catalyzed cross-
coupling methods to generate C–C bonds (Stille, Suzuki, Kumada, etc.) require 
instillation of C–X and/or C–M functional groups, whereas CDC enables us to 
bypass these costly steps with a more direct route.2–5  
One of the challenges of CDC is the selective activation of inert C–H 
bonds. Usually a substrate is designed in such a way that the electronics help to 
differentiate the C–H bond to be activated, or a directing group coordinates to the 
catalyst and facilitates activation due to proximity. Sanford and coworkers 
published a reaction that utilizes a directing group (Scheme 1.1).1,6 The nitrogen 
of either benzoquinoline (a) or quinoline (b) coordinates to Pd(OAc)2 to facilitate 
a concerted metalation deprotonation (CMD) into either an sp2 C–H bond (a) or 
an sp3 C–H bond (b) to form a Pd–C bond. This organometallic intermediate then 
proceeds to couple the other arene, which then undergoes reductive elimination 
to form the C–C bond. Unlike standard cross-coupling methods, CDC is a net 
2 
 
oxidative transfer, which means a sacrificial oxidant (in this case benzoquinone) 
is necessary for substoichiometric catalyst loadings.  
 
Scheme 1.1 CDC of Benzoquinoline and Quinoline 
A subset of CDC reactions involve nondirected benzylic activations of 
toluene derivatives and other alkylarenes. Huang and coworkers reported a 
palladium catalyzed aminocarbonylation with alkylarenes (Scheme 1.2).7 The 
benzylic activation is proposed to occur through hydrogen atom abstraction by a 
radical generated from t-BuOOt-Bu.  
 
Scheme 1.2 Oxidative Aminocarbonylation with Alkylarenes 
Sun and coworkers reported a CDC with toluene derivatives and 
acetanilides to make o-acylacetanilides.8 The arene C–H activation occurs 
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through a CMD directed by the amide oxygen at the ortho-position. The toluene 
is proposed to undergo oxidation to a benzyl radical by a free t-BuO radical prior 
to entering the catalytic cycle. In both of these previously reported reactions, the 
Pd does not play a role in the initial C–H activation of the alkyl arene. Rather, a 
radical species is proposed to abstract the weaker benzylic C-H bond. 
 
Scheme 1.3 CDC of Acetanilides with Toluene Derivatives 
Ohshima and coworkers report a CDC using an iron catalyst and t-BuOOt-
Bu as an oxidant (Scheme 1.4).9 In this case, the phosphine oxide helps to 
activate the t-BuOOt-Bu, which produces free t-BuO radicals to oxidize the iron 
catalyst. The other equivalent of t-BuO radical abstracts a hydrogen atom from 
the benzylic position of the alkylarene. The iron catalyst can then oxidize the 
enolate, which in turn is coupled with the benzylic radical to form the C–C bond in 
the product. 
 
Scheme 1.4 CDC of Acylimidazoles with Alkylarenes 
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In 2013, Zhang and coworkers report a CDC with toluene and benzoic 
acid derivatives (Scheme 1.5).10 While it is proposed that the Pd(OAc)2 activated 
the sp3 C–H bond in toluene, the mechanism by which it does so is not specified. 
Unlike other reactions involving the activation of alkylarenes, Zhang and 
coworkers do not propose a radical hydrogen atom abstraction.  
 
Scheme 1.5 CDC of Benzoic Acid Derivatives with Toluene 
1.1.2 Our Reaction 
Previously Dr. John Curto and Dr. Kelsey VanGelder discovered and 
began to develop a Pd-catalyzed CDC with alkylarenes and an azlactone 
nucleophile (Scheme 1.6).11–13 They observed a coupling of the azlactone with 
the terminus of the alkyl chain of the toluene derivative. In a deuterium 
scrambling experiment using ethylbenzene-d2, the product mixture contained 
deuterium atoms on both the internal and terminal positions of the ethyl group, 
indicating that initial activation occurred at the benzylic position (Scheme 1.7). 
The hypothesis is that the Pd activates the benzylic C–H position and then does 
a β-hydride elimination/reinsertion – or “walks” – to the terminus of the alkyl 
chain, a known phenomenon in Pd-catalyzed cross-coupling.14 A competitive and 
parallel kinetic isotope effect was observed for toluene-d3 and toluene-d8, but not 
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CF3SO3H, DMA,
O2, 115 °C, 24 h
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Ar O
O
Ar O
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for toluene-d5, which indicates that the benzylic C–H activation occurs during the 
rate determining step.15   
 
Scheme 1.6 Initial Results with Azlactone and Alkylarenes 
 
Scheme 1.7 Deuterium Scrambling Experiment 
This sort of toluene activation had not been reported before, which is 
surprising because Pd(OAc)2 is a common catalyst and toluene is a common 
solvent for cross-couplings.  The goal moving forward for Dr. Curto and Dr. 
VanGelder was to propose a reasonable mechanism for the sp3 C–H activation 
of toluene and to discover more nucleophiles beyond the azlactone which 
undergo this coupling.  
1.2 Results 
The key to expanding the substrate scope of the reaction is the 
observation of azlactone dimer as a byproduct. At some point in the reaction the 
Pd(OAc)2 oxidizes the azlactone substrate to its monomeric radical form, which 
can then dimerize. Dr. VanGelder performed a dimer crossover experiment with 
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two different azlactone dimers – one with two phenyl groups and the other with 
two p-fluorophenyl groups at the enolic positions (Scheme 1.8). After heating at 
95 °C in toluene for 24 h, a mixed dimer – one with phenyl, the other with p-
fluorophenyl – was observed by 19F NMR spectroscopy. Thus, homolysis of the 
dimer bond under reaction conditions occurs reversibly via two monomeric 
radicals. Notably, this monomer is exceptionally stable and not readily trapped, 
belonging to the class of captodative radicals.16,17 
 
Scheme 1.8 Dimer Crossover Experiment 
In designing additional nucleophiles, the goal was to recreate the 
captodative environment, which is characterized by both electron withdrawing 
and electron donating groups.17 Oxindole 1.01 satisfied these requirements, with 
two carbonyls and an amine to stabilize the radical center, and seemed like a 
promising substrate. Unfortunately, after many attempts to optimize the reaction 
conditions, the highest benzylation yield observed was 66% by 1H NMR with 4,4’-
di-tert-butylbiphenyl as an internal standard (Scheme 1.9). There was no starting 
material or dimer recovered, which indicated decomposition.    
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Scheme 1.9 Benzylation of Oxindole 1.01 
The focus shifted to another substrate which had more promising 
preliminary results. A previous member of the group, Dr. Uday Neelam, obtained 
an 83% yield for the benzylation of malononitrile 1.03 shown in Scheme 1.10. 
However, after many attempts this result was not reproduced. Different methods 
of combining reagents, heating, and Pd(OAc)2 sources were evaluated to try and 
improve the yield. A more thorough/rigorous sealing of the reaction vessel 
seemed to fix the problem, enabling an 85% yield.  
 
Scheme 1.10 Benzylation of 1.03 
Unfortunately, the yield was consistently below 60% for malononitrile 1.05, 
despite thorough sealing of the reaction vessel (Scheme 1.11). It was noted that 
in these reactions the mass balance was good, which indicated there was very 
little decomposition. However, despite the clear/colorless nature of the starting 
material and product, the crude mixture was always a deep red. The red color 
made product isolation via column chromatography difficult.  
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Scheme 1.11 Benzylation of 1.05 
When isolated, this red byproduct was characterized by 1H NMR, 13C 
NMR, and HRMS, and the proposed structure is the red Pd adduct in Figure 1.1. 
The presence and persistence of the red byproduct is unpredictable. Theories 
about Pd(OAc)2 sources and potential exposure to air were disproven, and there 
was no sufficient explanation for when the intermediate would form.  
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Figure 1.1 Proposed Structure of the Red Intermediate and Mechanism of Substrate 
Oxidation to Dimer by Pd(OAc)2 
Upon exposing two other substrates, cyanoacetate 1.7 and azlactone 1.9, 
to Pd(OAc)2 in benzene, the red byproduct was observed within two minutes for 
each (Scheme 1.12). An aliquot was taken from the mixture and filtered through 
a Celite plug with CH2Cl2, which gave rise to a strong red color in the filtrate. 
Over the course of thirty minutes, this red color faded to a pale yellow, which was 
analyzed by HPLC to show the dimer. A black precipitate was also observed, 
presumed to be Pd black nanoparticles. From these results it seems that the red 
Pd-adduct in Figure 1.1 is an intermediate for other substrates as well, but other 
substrates more readily disproportionate and continue through the oxidative cycle 
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to form dimer. Since malononitrile 1.05 appears to form a stable Pd-adduct, it 
does not continue through the oxidative cycle and therefore inhibits reactivity.   
 
Scheme 1.12 Formation and Decomposition of the Red Pd Intermediate 
The substrate scope for the coupling of arylmalononitriles with toluene 
derivatives is shown in Scheme 1.13. Due to the inhibition from the unpredictable 
red byproduct, the scope was limited, however, trends in reactivity are similar to 
other substrates.18 For instance, meta-xylene is more reactive than ortho-xylene, 
which is more reactive than para-xylene. The yields also remained similar when 
the Pd(OAc)2 loading was catalytic with stoichiometric oxidant.  
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Scheme 1.13 Substrate Scope for Benzylation 
In contrast to other substrates, the malononitrile gives a different outcome 
in reactions with ethylbenzene. Others substrate, when treated with 
ethylbenzene, couple only to the terminus of the alkyl chain. This result, as 
discussed previously, is most likely a result of initial insertion of Pd at the 
benzylic position and then “walking” to the terminus of the alkyl chain. However, 
when malononitrile 1.05 reacts with Pd(OAc)2 and ethylbenzene, some degree of 
coupling observed at the internal position of the alkyl chain (Scheme 1.14). This 
observation further supports the hypothesis that the initial activation occurs at the 
benzylic position and the Pd “walks” to the less hindered terminus.   
H
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B    20 mol % Pd(OAc)2, 
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Scheme 1.14 Coupling of 1.05 With Ethylbenzene 
What is of particular intrigue with malononitrile 1.5 is that the ratio of 
products 1.16 and 1.15 change under different conditions. Under stoichiometric 
conditions [100 mol% Pd(OAc)2, 95 °C] the terminally coupled product 
predominates (1:3). Under catalytic conditions [20 mol% Pd(OAc)2, 1 equiv 2,6-
DMBQ, 1 equiv PivOH, charcoal, 115 °C, 48 h], the internally coupled product 
predominates (3:1).  
1.3 Conclusions and Future Directions 
In conclusion, the reaction is problematic for the arylmalononitrile 
substrates. Their lack of reproducibility appears to hinge on the formation and 
relative reactivity after ligand exchange with Pd(II) for these reactions. From the 
arylmalononitriles two questions arose: what role do the Pd-adduct intermediates 
play, and what influences where substrate will attach on an alkyl chain of n > 1? 
To address these questions, studies of the mechanism are the subject of further 
chapters. 
 
H A    100 mol % Pd(OAc)2, 95 °C, 24 h
       75% 1.15:1.16 = 1:3
B    20 mol % Pd(OAc)2, 
       1 equiv 2,6-dimethylbenzoquinone, 
       1 equiv PivOH, charcoal, 115 °C, 48 h
       53% 1.15:1.16 = 3:1
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1.4 Experimental 
1.4.1 General Considerations 
All non-aqueous reactions were carried out under an atmosphere of dry 
argon unless otherwise noted. Commercial reagents were used as received 
without additional purification unless otherwise noted. Anhydrous toluene was 
purchased from Acros in 100 mL Sure-Seal bottles and stored in the glovebox. 
Reactions were monitored by thin layer chromatography (TLC) using Silicycle, 
glass-backed TLC plates with 250 µm silica and F254 indicator. Visualization was 
accomplished by UV light.  
1H NMR, 13C NMR spectra were recorded on a AM-500 Fourier transform 
NMR spectrometer at 500 MHz and 125 MHz, respectively. Chemical shifts are 
reported relative to the solvent resonance peak δ 7.26 (CDCl3) for 1H NMR 
spectra and δ 77.16 (CDCl3) for 13C NMR spectra. Data are reported as follows: 
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, b = 
broad singlet, m = multiplet), coupling constants, and number of protons. 
Accurate mass measurement analyses were conducted on either a GCMS with 
electron ionization (EI). The signals were mass measured (TOF) against an 
internal lock mass reference of perfluorotributylamine (PFTBA) for EI-GCMS, and 
leucine enkephalin for ESI-LCMS. Waters software calibrates the instruments, 
and reports measurements, by use of neutral atomic masses; the mass of the 
electron is not subtracted (positive ions) or added (negative ions). Infrared 
spectra are reported in cm-1. Melting points are uncorrected. Unless otherwise 
noted, yields refer to isolated material on the basis of product purity (≥95%) by 1H 
14 
 
NMR following silica gel chromatography with Silica-P flash silica gel (50- 63 µm 
mesh particle size).  
1.4.2 Synthesis 
General Procedure A: Benzylation of Arlymalononitriles Under 
Stoichiometric Conditions. 
1.5 (0.173 mmol) was added to a flame dried 8 mL microwave vial 
equipped with stir bar and brought into the glovebox. Pd(OAc)2 (38.9 mg, 0.173 
mmol) and the indicated tolyl analog (1.73 mL, 0.1 M) were added to the 
microwave vial, which was then sealed with a Teflon cap, removed from the 
glovebox, and placed in a 95 °C oil bath. After 24 h, the mixture was allowed to 
cool to ambient temperature, diluted with CH2Cl2 (3 mL), passed through Celite 
with CH2Cl2, and concentrated. The resulting residue was purified by column 
chromatography to afford the alkylated arylmalononitrile.  
General Procedure B: Alkylation of Arlymalononitriles Under Catalytic 
Conditions.  
1.5 (0.120 mmol), 2,6-dimethylbenzoquinone (16.4 mg, 0.120 mmol), and 
charcoal (54.0 mg, 10x weight of Pd(OAc)2) were added to a flame dried 8 mL 
microwave vial equipped with stir bar and brought into the glovebox. PivOH (12.3 
mg, 0.120 mmol), Pd(OAc)2 (5.4 mg mg, 24.0 μmol), and indicated tolyl analog 
(1.20 mL, 0.1 M) were added to the microwave vial, which was then sealed with a 
Teflon cap, removed from the glovebox, and placed in a 115 °C oil bath. After 48 
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h, the mixture was allowed to cool to ambient temperature, diluted with CH2Cl2 (3 
mL), passed through celite with CH2Cl2, and concentrated in vacuo. The mixture 
was then dissolved in CH2Cl2 and washed with 0.5 M NaOH/Na2S2O4 twice. The 
organic layer was dried over Na2SO4, filtered, and concentrated. The resulting 
residue was purified by column chromatography to afford the alkylated 
arylmalononitrile.  
 
2-Benzyl-2-(4-methoxyphenyl)malononitrile (1.06) 
General Procedure A was followed using 2-(4- 
methoxyphenyl)malononitrile (29.8 mg, 0.173 mmol) and Pd(OAc)2 (38.9 mg, 
0.173 mmol) in toluene (1.73 mL, 0.1 M). Chromatography (5% EtOAc/Hexanes) 
provided product 1.6 as a white solid (43.4 mg) was isolated in 96% yield: 1H 
NMR (500 MHz, CDCl3)   7.33 (m, 5H), 7.14 (d, J = 6.5 Hz, 2H), 6.95 (dt, J1 = 
8.9 Hz, J2 = 2.2 Hz, 2H), 3.84 (s, 3H), 3.43 (s, 2H); 13C NMR (125 MHz, CDCl3)   
160.8, 131.8, 130.7, 129.0, 128.9, 127.7, 123.4, 115.1, 115.0, 55.7, 48.7, 43.6; 
IR (film) 3032, 2935, 2849, 2323, 2247, 1608, 1586, 1511, 1494, 1456, 1438, 
1301, 1255, 1187, 1178, 1088, 1029, 826, 814, 766, 702, 668, 537, 477; HRMS 
(EI-TOF) calcd for C17H14N2O, [M]+ m/z = 262.1106; found 262.1122.  
CNNC
MeO
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General Procedure B was followed using 2-(4-
methoxyphenyl)malononitrile (26.0 mg, 0.151 mmol), Pd(OAc)2 (6.8 mg, 30.2 
μmol), 2,6-dimethylbenzoquinone (20.6 mg, 0.151 mmol), AcOH (8.6 μL, 0.151 
mmol), charcoal (67.8 mg, 10 x weight of Pd), toluene (0.32 mL, 3.02 mmol), and 
1,4-dioxane (1.16 mL, 0.13 M). Chromatography (5% EtOAc/Hexanes) provided 
product 1.6 as a white solid (38.2 mg) in 96% yield. See above for 
characterization.  
 
2-(4-Methoxyphenyl)-2-(4-methylbenzyl)malononitrile (1.11) 
General Procedure A was followed using 2- (4-
methoxyphenyl)malononitrile (25.6 mg, 0.149 mmol) and Pd(OAc)2 (33.4 mg, 
0.149 mmol) in para-xylene (1.49 mL, 0.1 M) at 105 °C. Chromatography (5% 
EtOAc/Hexanes) provided product 1.11 as a white solid (15.1 mg) was isolated in 
36% yield: 1H NMR (500 MHz, CDCl3)   7.36 (dt, J1 = 8.8 Hz, J2 = 2.1Hz, 2H), 
7.12 (d, J = 7.9Hz, 2H), 7.03 (d, J = 8.0Hz, 2H) 6.95 (dt, J1 = 8.8Hz, J2 = 2.1Hz, 
2H), 3.85 (s, 3H), 3.40 (s, 2H), 2.34 (s, 3H); 13C NMR (125 MHz, CDCl3)   160.8, 
138.9, 130.6, 129.6, 128.8, 127.8, 123.6, 115.2, 115.0, 55.7, 48.5, 43.8, 21.4; IR 
(film) 3026, 2932, 2841, 2249, 1608, 1586, 1513, 1458, 1303, 1257, 1185, 1115, 
1033, 821, 796, 720, 709, 667, 585, 539, 519, 495, 466; HRMS (EI-TOF) calcd 
for C18H16N2O, [M]+ m/z = 276.1263; found 276.1245.  
CNNC
MeO
Me
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General Procedure B was followed using 2-(4-
methoxyphenyl)malononitrile (21.5 mg, 0.125 mmol), Pd(OAc)2 (5.6 mg, 25.0 
μmol), 2,6-dimethylbenzoquinone (17.0 mg, 0.125 mmol), PivOH (12.8 mg, 0.125 
mmol), charcoal (56.1 mg, 10 x weight of Pd), and para-xylene (1.25 mL, 0.1 M). 
Chromatography (5% EtOAc/Hexanes) provided product 1.11 as a white solid 
(9.3 mg) in 27% yield. See above for characterization.  
 
2-(4-Methoxyphenyl)-2-(3-methylbenzyl)malononitrile (1.12)  
General Procedure A was followed using 2- (4-
methoxyphenyl)malononitrile (29.5 mg, 0.171 mmol) and Pd(OAc)2 (38.5 mg, 
0.171 mmol) in meta-xylene (1.71 mL, 0.1 M) at 105 °C. Chromatography (5% 
EtOAc/Hexanes) provided product 1.12 as a white solid (27.9 mg) was isolated in 
59% yield: 1H NMR (500 MHz, CDCl3)   7.37 (dt, J1 = 8.9 Hz, J2 = 2.1 Hz, 2H), 
7.20 (t, J = 7.5 Hz, 1H), 7.16 (d, J = 7.7 Hz, 1H), 6.95 (m, 4H), 3.85 (s, 3H), 3.38 
(s, 2H), 2.32 (s, 3H); 113C NMR (125 MHz, CDCl3)   160.9, 138.6, 131.7, 131.4, 
129.7, 128.7, 127.8, 127.7, 123.7, 115.2, 115.0, 55.7, 48.7, 43.6, 21.5; IR (film) 
3014, 2935, 2850, 2249, 1609, 1585, 1510, 1464, 1442, 1421, 1305, 1258, 1184, 
1032, 828, 788, 743, 721, 705, 611, 599, 585, 535; HRMS (EI-TOF) calcd for 
C18H16N2O, [M]+ m/z = 276.1263; found 276.1254.  
CNNC
MeO
Me
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General Procedure B was followed using 2-(4-
methoxyphenyl)malononitrile (20.7 mg, 0.120 mmol), Pd(OAc)2 (5.4 mg, 24.0 
μmol), 2,6-dimethylbenzoquinone (16.4 mg, 0.120 mmol), PivOH (12.3 mg, 0.120 
mmol), charcoal (54.0 mg, 10 x weight of Pd), and meta-xylene (1.20 mL, 0.1 M). 
Chromatography (5% EtOAc/Hexanes) provided product 1.12 as a white solid 
(21.7 mg) in 65% yield. See above for characterization.  
 
2-(4-Methoxyphenyl)-2-(2-methylbenzyl)malononitrile (1.13)  
General Procedure A was followed using 2- (4-
methoxyphenyl)malononitrile (35.4 mg, 0.206 mmol) and Pd(OAc)2 (46.2 mg, 
0.206 mmol) in ortho-xylene (2.06 mL, 0.1 M) at 105 °C. Chromatography (5% 
EtOAc/Hexanes) provided product 1.13 as a white solid (34.7 mg) was isolated in 
61% yield: 1H NMR (500 MHz, CDCl3)   7.34 (dt, J1 = 8.9 Hz, J2 = 2.2Hz, 2H), 
7.24 (dd, J1 = 7.3Hz, J2 = 2.2Hz, 1H), 7.18 (m, 3H), 6.93 (dt, J1 = 8.9Hz, J2 = 
2.2Hz, 2H), 3.83 (s, 3H), 3.51 (s, 2H), 2.10 (s, 3H); 13C NMR (125 MHz, CDCl3)   
160.9, 138.1, 131.4, 131.1, 130.2, 129.0, 127.8, 126.4, 123.6, 115.4, 115.0, 55.7, 
44.9, 43.0, 19.7; IR (film) 3022, 2917, 2849, 2324, 2248, 1609, 1512, 1463, 
1303, 1260, 1185, 1032, 828, 772, 747, 729; HRMS (EI-TOF) calcd for 
C18H16N2O, [M]+ m/z = 276.1263; found 276.1269.  
CNNC
MeO
Me
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General Procedure B was followed using 2-(4-methoxyphenyl)malononitrile 
(22.6 mg, 0.131 mmol), Pd(OAc)2 (5.9 mg, 26.3 μmol), 2,6-
dimethylbenzoquinone (17.9 mg, 0.131 mmol), PivOH (13.4 mg, 0.131 mmol), 
charcoal (58.9 mg, 10 x weight of Pd), and ortho-xylene (1.31 mL, 0.1 M). 
Chromatography (5% EtOAc/Hexanes) provided product 1.13 as a white solid 
(11.6 mg) in 32% yield. See above for characterization.  
 
2-(4-Methoxybenzyl)-2-(4-methoxyphenyl)malononitrile (1.14)  
General Procedure A was followed using 2-(4-
methoxyphenyl)malononitrile (26.2 mg, 0.152 mmol) and Pd(OAc)2 (34.2 mg, 
0.152 mmol) in para-methylanisole (1.52 mL, 0.1 M) at 95 °C. Chromatography 
(5% EtOAc/Hexanes) provided product 1.14 as a white solid (24.4 mg) was 
isolated in 55% yield: 1H NMR (500 MHz, CDCl3)   7.35 (d, J = 6.8 Hz, 2H), 7.04 
(d, J = 6.7 Hz, 2H), 6.94 (d, J = 6.8 Hz, 2H), 6.83 (d, J = 6.7 Hz, 2H), 3.84 (s, 
3H), 3.80 (s, 3H), 3.38 (s, 2H). Spectral data were in agreement with reported 
literature values.19  
General Procedure B was followed using 2-(4-
methoxyphenyl)malononitrile (19.6 mg, 0.114 mmol), Pd(OAc)2 (5.1 mg, 22.8 
μmol), 2,6-dimethylbenzoquinone (15.5 mg, 0.114 mmol), PivOH (11.6 mg, 0.114 
CNNC
MeO
OMe
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mmol), charcoal (51.1 mg, 10 x weight of Pd), and para-methylanisole (1.14 mL, 
0.1 M). Chromatography (5% EtOAc/Hexanes) provided product 1.14 as a white 
solid (32.4 mg) in 97 % yield. See above for characterization.  
 
2-Benzyl-2-(p-tolyl)malononitrile (1.04)  
General Procedure A was followed using 2-(p-tolyl)malononitrile (32.0 mg, 
0.204 mmol) and Pd(OAc)2 (45.9 mg, 0.204 mmol) in toluene (2.04 mL, 0.1 M) at 
95 °C. Chromatography (5% EtOAc/Hexanes) provided product 1.4 (43.0 mg) 
was isolated in 85% yield: 1H NMR (500 MHz, CDCl3)   7.33 (m, 5H), 7.25 (d, J 
= 8.4 Hz, 2H), 7.15 (d, J = 7.9 Hz, 2H), 3.43 (s, 2H), 2.40 (s, 3H); 13C NMR (125 
MHz, CDCl3)   140.3, 131.8, 130.6, 130.3, 128.9, 128.8, 128.7, 126.2, 114.9, 
48.6, 43.9, 21.3; IR (film) 3032, 2928, 2855, 2252, 1509, 1496, 1456, 1236, 
1089, 1017, 825, 809, 799, 764, 699, 572, 499, 477; HRMS (EI-TOF) calcd for 
C17H14N2, [M]+ m/z = 246.1157; found 246.1154  
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2-(4-methoxyphenyl)-2-(1- phenylethyl)malononitrile (1.15) & 2-(4-
Methoxyphenyl)-2-phenethylmalononitrile (1.16) 
General Procedure A was followed using 2-(4- 
methoxyphenyl)malononitrile (29.1 mg, 0.169 mmol) and Pd(OAc)2 (37.9 mg, 
0.169 mmol) in ethyl benzene (1.69 mL, 0.1 M) at 105 °C. Chromatography (5% 
EtOAc/Hexanes) provided products 1.15 and 1.16 (34.9 mg combined, 3:1) were 
isolated in 75% yield: 1H NMR (500 MHz, CDCl3)   7.51 (dt, J1 =8.9Hz, J2 = 
2.2Hz, 2HA), 7.27 (m, 3HA, 3HB), 7.22 (dt, J1  = 8.8Hz, J2  = 2.1Hz, 2HB), 7.17 (d, 
J=6.9 Hz, 2HA), 7.11 (d, J = 7.3Hz, 2HB), 6.99 (dt, J1  = 8.8Hz, J2  = 2.2Hz, 2HA), 
6.87 (dt, J1  = 8.8Hz, J2  = 2.1 Hz, 2HB), 3.83 (s, 3HA), 3.81 (s, 3HB), 3.42 (q, J = 
7.1 Hz, 1HB), 2.91 (m, 2HA), 2.47 (m, 2HA), 1.63 (d, J = 7.1 Hz, 3HB); 13C NMR 
(125 MHz, CDCl3)   A: 160.9, 138.5, 129.0, 128.9, 128.6, 127.1, 123.8, 115.3, 
114.7, 55.7, 44.4, 41.7, 32.0 B: 160.7, 136.9, 128.9, 128.6, 128.5, 128.2, 127.3, 
123.0, 114.6, 55.7, 51.2, 48.9, 16.9; IR (film) 3032, 2926, 2849, 2323, 2247, 
1609, 1585, 1512, 1456, 1299, 1258, 1185, 1031, 829, 769, 701, 541; HRMS (EI-
TOF) calcd for C18H16N2O, [M]+ m/z = 276.1263; found 276.1248.  
General Procedure B was followed using 2-(4-
methoxyphenyl)malononitrile (22.1 mg, 0.128 mmol), Pd(OAc)2 (5.8 mg, 25.7 
μmol), 2,6-dimethylbenzoquinone (17.4 mg, 0.128 mmol), PivOH (13.1 mg, 0.128 
mmol), charcoal (57.6 mg, 10 x weight of Pd), and ethylbenzene (1.28 mL, 0.1 
M). Chromatography (5% EtOAc/Hexanes) provided product as a white solid 
(18.8 mg 1:3) in 53% yield. See above for characterization.  
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Chapter 2 COMPUTATIONAL MECHANISTIC STUDIES 
2.1 Background 
Computation has proven to be a valuable resource in analyzing 
mechanisms and is especially powerful when used in tandem with experimental 
probes to interrogate mechanistic hypotheses and devise further experiments. 
Density Functional Theory (DFT) is generally used for organometallic systems as 
it provides sufficient accuracy with reasonable computational time/cost for larger 
systems.  Over the past decades, DFT has been used to analyze the full catalytic 
cycles of metal-catalyzed cross-coupling reactions, and it has answered 
important questions about the roles different interactions play.20–22 For the 
catalytic dehydrogenative coupling (CDC) of toluene derivatives with various 
nucleophiles, the goal of DFT was two-fold: determine the mode of toluene C–H 
activation and determine what characteristic of the substrates enables this 
unique reactivity. 
2.2 Computational Method 
The Density Functional Theory (DFT) calculations were performed using 
Gaussian 09.23 The unrestricted B3LYP functional was used to perform all gas-
phase geometry optimizations, transition state optimizations, and frequency 
calculations.24–26 The 6-31G* basis set was used for small atoms (C, H, O, N) 
and the LANL2DZ basis set was used for Pd.27–29 Solvated single-point 
calculations were performed with the unrestricted M06 functional.30 The 6-
311+G** basis set was used for small atoms (C, H, O, N) and the LANL2DZ 
basis set was used for Pd. The SMD solvation method was used with toluene as 
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the solvent.31 For all mechanism calculations, the malononitrile substrate was 
used to reduce complexity: 1) with fewer atoms, computations are faster; 2) the 
reactive site is not chiral, which eliminate diastereomers in its adducts; and 3) the 
cyano groups are linear, so exploring the conformational space is 
straightforward.  
2.3 Catalytic Cycle 
2.3.1 Toluene Activation 
Determining the method of sp3 C–H activation in the toluene derivatives is 
one of the primary goals in exploring the mechanism. Since toluene is a 
commonly used solvent in Pd-catalyzed reactions, and this reactivity had not 
been observed previously, it is clear that this reaction invokes a unique 
environment that enables this activation.32–35 There are two primary forms of Pd-
catalyzed C–H activation: oxidative addition and concerted metalation 
deprotonation (CMD).36,37 Oxidative addition is a process by which the Pd 
increases its oxidation state by two and breaks a sigma bond, forming two bonds 
to Pd (Figure 2.1, a). This process usually occurs with an sp2/sp C–X bond, but it 
is possible to occur with an sp3 C–H bond. Contrarily, CMD is a redox neutral 
process through which a base (usually a carboxylate) is ligated to the Pd and 
deprotonates the carbon as the Pd–C bond forms (Figure 2.1, b).38 This process 
is concerted, which therefore lowers the energy barrier compared to a traditional 
deprotonation.  
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Figure 2.1 Activation of C–H Bonds via a) Oxidative Addition and b) CMD 
For each of these pathways, Pd can be at a variety of oxidation states. 
Although the reaction starts with PdII, it quickly gets reduced to Pd0 upon 
oxidizing the substrate to radical monomer (Chapter 1, Figure 1.1). It is feasible 
that one of the monomers, a product of dimer homolysis, can abstract an electron 
from Pd and become reduced to the anion form of the substrate.39,40 This single 
electron oxidation of Pd allows access to PdI (from Pd0) and PdIII (from PdII), so it 
is feasible that any oxidation state of Pd from 0-3 is present in the reaction 
mixture. In theory, CMD can occur with any Pd species with an anionic acetate 
ligand (PdI, PdII, and PdIII) and oxidative addition can occur with Pd0 to PdII. Once 
all of these routes were established, the goal was to determine via modeling 
which route would preferentially activate the sp3 C–H bond over the sp2 C–H 
bond (Figure 2.2).  
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Figure 2.2 Calculated Relative Energies of C–H Bond Activation 
For each transition state a full search of the conformational space and the 
number of coordinated acetate/acetic acid ligands was performed to find the 
global minimum. Substrate 2.01 and the corresponding monomer 2.02 were used 
to balance the single-electron oxidation and reduction between Pd species. The 
results of these calculations indicate that a PdI catalyzed CMD and a Pd0 
oxidative addition are the two pathways that allow activation the sp3 C–H bond 
before activation of the sp2 C–H bond. It is also worth noting that PdII 2.05 is 
lower in energy than PdI 2.04 which is lower in energy than Pd0 2.03, while PdIII 
2.06 is significantly higher in energy than all three. Going forward these results 
indicated that most (if not all) of the transformations will occur between Pd0 – 
PdII.     
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To differentiate which pathway is more probable, Pd0 oxidative addition or 
PdI CMD, competition experiments were performed with different toluene 
analogs. The two calculated models predict different results for each toluene 
analog (Figure 2.3). For instance, p-methoxytoluene has a slightly lower PdI CMD 
barrier than toluene, but its Pd0 oxidative addition barrier is higher. Therefore, if 
both alkylarenes are available in the reaction, more benzylated product would be 
observed if the reaction proceeds through Pd0 oxidative addition, whereas more 
p-methoxybenzylated product would be observed if the reaction proceeds 
through PdI CMD.  
 
Figure 2.3 Calculated Transition State Barriers for C–H Activation of  Toluene Analogs via 
Pd(0) Oxidative Addition and Pd(I) CMD 
Dr. Charles Hendrick, a postdoctoral fellow in the Kozlowski group, 
performed three sets of competition experiment: p-methoxy toluene vs toluene, 
27 
 
2-methylnapthalene vs toluene, and p-ethyltoluene (methyl vs. ethyl) (Scheme 
2.1). The results of the competition experiment with p-methoxytoluene and 
toluene – with predominantly 2.09 in the product mixture – indicate that oxidative 
addition is more likely than CMD. However, the higher yield of the 2.10 from 2-
naphthalene compared to the toluene adduct indicates a CMD pathway is more 
likely. The third experiment, with slightly more coupling to the ethyl group than 
the methyl group, also indicates that a CMD pathway is more likely. Out of three 
experiments, two point towards CMD and one point towards oxidative addition. It 
appears that this model is incomplete. For example, formation of Pd(0) 
nanoparticles or clusters would lead to a surface in which greater p-interactions 
would explain the results with naphthalene in Scheme 2.1b.  
 
Scheme 2.1 Results of Competition Experiment with Toluene Analogs 
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2.3.2 C–C Bond Formation 
A full energy diagram is proposed in Figure 2.4 with two potential C–H 
activation routes: Pd0 oxidative addition and PdI CMD. After TS 2.01, it is 
energetically feasible that an equivalent of the monomer 2.02 could abstract a 
hydrogen atom from 2.15. This step would reunite the oxidative addition route 
with the CMD route at intermediate 2.16. To release the benzylated product 2.13, 
the Pd species has to undergo a reductive elimination, and there are two 
pathways by which this could occur. An equivalent of monomer 2.02 could 
coordinate to 2.16, thus forming a PdII species 2.16b, which would then undergo 
a traditional 2e– reductive elimination via TS 2.04b to release product 2.17 and 
Pd0. The other pathway is an outer sphere attack of an equivalent of monomer 
2.02 attacking the tolyl ligand on Pd, thus undergoing a single electron reductive 
elimination. The latter pathway (TS 2.04) is more energetically favorable, which is 
likely due to the nature of the bond formation. The sterics of an sp3–sp3 bond 
formation greatly increase the energy of the reductive elimination transition 
state,41 whereas an outer sphere attack, akin to a single electron Tsuji-Trost, is 
less sterically demanding.42–44  
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Figure 2.4 Full Calculated Catalytic Cycle 
2.4 Dimeric Palladium Species 
Several dimeric Pd species were investigated as the active catalyst or as 
key intermediates in this reaction. Dimeric Pd complexes have been observed 
computationally and experimentally for oxidation states 1, 2, and 3, so Pd0 was 
not investigated in this regard. To fully explore all possibilities, these species 
were examined and many potential routes were shown to be unlikely. 
Schoenebeck has reported a synthesis of a bench-stable PdI dimeric 
catalyst that successfully couples a variety of aryl halides with organometallic 
compounds.45–47 After investigation, Schoenebeck concluded that the PdI dimer 
is rapidly reduced to form two equivalents of Pd0, which then proceeds to react 
through a standard catalytic cycle. A PdI dimer (2.18) was calculated with two 
bridging acetate ligands and an acetic acid ligand on each Pd, but there is no 
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binding site in this structure for any CMD to occur (Figure 2.5). Since PdI is so 
easily coordinatively saturated, any attempt at calculating a structure with a 
substrate binding to Pd led to the separation of the dimer. This PdI dimer can 
homolyze to form two equivalents of 2.04 or it can disproportionate to form one 
equivalent of 2.05 and 2.03b each. While a potential low-energy intermediate, a 
PdI dimer did not seem likely as a key intermediate or catalyst in the reaction.  
 
Figure 2.5 Relative Energetics of PdI Dimer 
Ritter has investigated PdIII dimers and their unique role in catalysis.48,49 A 
PdII dimer (2.20) can undergo oxidative addition to form a PdIII dimer (2.21), after 
which the Pd–Pd bond distance shortens (Scheme 2.2). This phenomenon is due 
to the fact that the two electrons in the dimeric PdII species that contribute to 
oxidative addition are in a s* orbital, and thus the Pd–Pd bond order (BO) 
increases upon emptying of that orbital.50–52 From there, 2.21 can undergo a 
bimetallic reductive elimination, which upon rearrangement will result in another 
PdII dimer 2.22.  
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Scheme 2.2 Ritter’s PdIII Bimetallic Reductive Elimination and Orbital Diagram 
An attempt at applying Ritter’s framework to our chemistry was made, but 
the intermediates investigated were high in energy (Figure 2.6). The addition of 
one equivalent of 2.02 to a 2.24 increased the free energy by 12.0 kcal/mol, but 
the addition of a second equivalent of 2.02 to form 2.26 increased the free 
energy a total of more than 50 kcal/mol, which is thermodynamically unlikely for a 
reaction that proceeds at 95 °C. In Ritter’s work, it was noted that the p stacking 
of the aromatic ligands on the two Pd atoms lowers the energy, thus increasing 
the stability of the dimeric species.49,53 The opposite seems to be the case here, 
where the tertiary carbon nucleophiles provide a fair amount of steric bulk, and 
the steric repulsion of two of these nucleophiles overrides any electronic 
favorability in a PdIII dimer.  
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Figure 2.6 Relative Energies of Oxidized Pd Dimers 
CMD transition states were calculated for the PdII dimer, and the results 
aligned with the monomeric species indicating lower energy barriers to sp2 C–H 
activation (Figure 2.7). One of the key factors that made dimeric calculations 
difficult, and one of the aspects of this reaction that is so unique, is that all of the 
nucleophiles contain hindered tertiary carbon centers. Most literature that reports 
dimeric Pd species utilizes ligand scaffolds that are planar and non-hindered. On 
this basis, it seems a dimeric species is most likely not part of the catalytic cycle.  
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Figure 2.7 Dimeric PdII(OAc)2 CMD Activation Barriers 
2.5 Substrate Parametrization  
2.5.1 Bond Dissociation Energies 
Another means of probing the mechanism is determining which 
characteristics of the substrates enable product formation. Since toluene and Pd 
are commonly used together, and this reactivity has not been previously 
reported, it seems likely that something about the unique substrates (e.g. 
malononitrile 2.01 or azlactone 2.07 above) facilitates the benzylic activation. 
Due to the observation that the Pd(OAc)2 rapidly oxidized the substrate to its 
monomer, and the dimer bond homolytically cleaves to form two equivalents of 
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monomer, it seemed probable that capability of the substrates to stabilize a 
carbon-based radical would play a role. For this reason, substrates with a 
“captodative” environment were explored. For an anion, electron withdrawing 
groups (EWG) stabilize the negative charge, and for a cation, electron donating 
groups (EDG) stabilize the positive charge, so a combination of EWG and EDG 
will stabilize a radical.17 Each of the substrates explored has some combination 
of EWG and EDG, but it was not sufficient to fully predict reactivity since over half 
of the substrates gave no benzylated product (Figure 2.8).  
 
Figure 2.8 Successful Substrates (Blue) and Failed Substrates (Red) 
The first attempt at explaining the distinction between successful and 
unsuccessful substrates was based on the bond dissociation energies (BDEs). 
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There are two sets of BDE values that are potentially relevant: substrate C–H 
BDE and dimer C–C BDE. The substrate BDE indicates the ease with which the 
C–H bond homolytically cleaves and therefore provides information about the 
initial oxidation to monomer. The dimer BDE indicates the energetic favorability 
of dimer homolysis to form two equivalents of monomer, and it therefore provides 
information on the relative concentration of monomer in the reaction. The plot of 
substrate BDE values vs dimer BDE values is shown in Figure 2.9. First, it is 
apparent that the correlation is not very linear (R2 = 0.7121), which indicates that 
sterics has a strong influence on the dimer BDE. Since all of the substrates 
(except 2.37) form radicals at tertiary centers, the dimer bond would be 
hexasubstituted and therefore fairly strained. The dimer C–C bond will have a 
lower BDE for more bulky substrates, whereas the substrate C–H BDE will not be 
influenced by bulk. Unfortunately, neither BDE provides a complete explanation 
for which substrates succeed vs those that do not.  
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Figure 2.9 Calculated Substrate BDEs 
There is a fair amount of overlap with substrate C–H BDE values and 
substrates that do or do not succeed, but the dimer BDEs are more indicative. 
There is a distinct barrier at around 41 kcal/mol above which none of the 
substrates react and below which all of the substrates react – except substrates 
2.30 and 2.31. While this data is interesting and may partially explain substrate 
success, it is not sufficient to fully explain the observed results. 
2.5.2 Ligand Exchange 
Looking at the C–H BDE for each substrate was a way to look at substrate 
oxidation in a concerted hydrogen atom abstraction. However, it is possible that 
substrate activation occurs instead by homolysis of the Pd–C bond in the Pd–
substrate intermediate (2.13, Figure 2.4) to form the monomer and 2.04 (Table 
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2.1). The first step in which 1 is formed is related to the acidity of the substrate. 
This step involves a transfer of a proton from the substrate to an acetate ligand, 
the result of which is a neutral acetic acid molecule and anionic substrate 
coordinated to Pd. Step 2 shows the homolysis of the Pd–C bond, thus releasing 
2.04 and an equivalent of monomer. 
            
Table 2.1 Ligand Exchange Diagram and Calculated Energies 
The goal of these calculations was to examine a more realistic model of 
substrate activation/oxidation in hopes of finding an explanation for which 
substrates succeed and which do not. Unfortunately, the data does not seem to 
indicate any definitive cutoff point. The three sets of data – energy of ligand 
exchange (1), energy of Pd–C bond homolysis (2), or the difference between 
these two species (D) – provide general trends for substrates that work, but there 
are exceptions in each case. It appears that this data is not sufficient to explain 
the role the substrate plays in the reaction. 
X H
X(OAc)PdII
PdII(OAc)2
AcOH
X
1
2
Δ
PdI(OAc)(HOAc)
2.04
2.05
X 1 (kcal/mol) 2 (kcal/mol) ∆ (kcal/mol)
2.01 -18.7 6.1 24.8
2.07 -21.1 1.4 22.5
2.27 -14.9 8.3 23.2
2.28a -18.4 8.9 27.3
2.28b -16.3 10 26.3
2.29 -13.1 13.2 26.3
2.30 -16.2 12.1 28.3
2.31 -16.4 10.6 27.0
2.32 -12.1 13 25.1
2.33 -13.9 13.2 27.1
2.34 -10.8 19.1 29.9
2.35 -13.3 13.2 26.5
2.36 -9.8 21.1 30.9
2.37 -8.8 16.5 25.3
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2.5.3 Nucleophilicty  
The final substrate parameter explored was a radical nucleophilicity 
parameter. De Proft and coworkers established a method to calculate 
nucleophilicity and electrophilicity parameters (w– and w respectively) for radical 
species from the HOMO and LUMO energies obtained via DFT.54  Since the 
radical form of the substrate is present in the reaction and is most likely the 
nucleophile in the reaction, the reactivity of this nucleophile should impact the 
likelihood of reaction.  
The w– for all the monomers are on the lower end of the scale calculated 
by De Proft, the high end of which was around 0.5 (Figure 2.10).54 The low w– is 
likely due to the high degree of conjugation present in all the monomers. Since 
the lone electron is delocalized throughout the carbon framework, it is reasonable 
that monomer will be less nucleophilic.  
 
Figure 2.10 Calculated Radical Nucleophilicity Parameters for each Substrate 
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While it is clear that this data does not directly delineate substrate 
success, it is noteworthy that the monomers of substrates 2.30 and 2.31 have 
particularly low w– values. These are also the only two unsuccessful substrates 
with dimer BDEs below 41 kcal/mol. It is possible that dimer homolysis may 
readily occur to form radical monomers of 2.30 and 2.31, but they may not be 
sufficiently nucleophilic to attack intermediate 2.16.  
2.6 Conclusions and Future Directions 
DFT calculations indicate that a PdI CMD or Pd0 oxidative addition are 
potential routes for benzylic sp3 C–H activation in the CDC of toluene derivatives 
with captodative radicals. The calculations are not sufficient to differentiate the 
two pathways, and more experimental design is necessary to reach a definitive 
conclusion.  
An explanation of the differentiation between successful and unsuccessful 
substrates is also incomplete at this time. While the parameterization efforts have 
yielded possible explanations for differences among the substrates, nothing is 
conclusive yet. It is possible that more than one parameter is necessary to 
explain the observed trend, in which case the success of the substrates must be 
quantified to perform a multilinear regression. To do this, kinetics experiments 
should be performed to establish the relative rates of product formation for each 
compound as a parameter for success.  
These kinetics experiments will need to be broken down into two 
subcategories: substrate to monomer and monomer to product. It has been 
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shown by Dr. Curto and Dr. VanGelder that the substrate is initially oxidized to 
the monomer radical, after which this monomer forms product.11–13 These 
processes are independent, and to obtain an accurate picture they must each be 
studied separately. There is no clear correlation between how quickly a monomer 
forms and how quickly that monomer forms product, so it is possible that some 
substrates may oxidize quickly and their respective monomers may form product 
slowly or vice versa. By experimentally establishing rates for each step of the 
reaction for each substrate, it will be possible to then compare these rates to the 
parameters calculated in this chapter and create a mathematical relationship 
between the data. The goal would be to able to predict new substrates 
computationally, and to provide insight into the mechanism. This approach may 
shed light into differentiating PdI CMD or Pd0 oxidative addition.  
2.7 Experimental Section 
2.7.1 General Considerations 
All geometry optimizations and transition state structures were calculated 
using the uB3LYP functional in Gaussian 09 with split basis set (6-31g* for C, H, 
N, O and LANL2DZ for Pd) in the gas phase. Frequency calculations were 
carried out at the same level of theory to obtain thermal corrections (at 298 K) 
and to confirm local minima (via the absence of imaginary frequencies) or saddle 
points (via the presence of one and only one imaginary frequency). 
Conformational space was explored to determine global minima through 
successive dihedral scans at the same level of theory. Single-point calculations 
were carried out on optimized structures in toluene using the SMD solvation 
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model, the uM06 functional, and split basis set (6-311+g** C, H, N, O and 
LANL2DZ for Pd). Obtained single-point energies were converted to the 
enthalpies and Gibbs free energies using corrections from gas-phase frequency 
analysis. The only calculations at a different level of theory are the BDE 
calculations, which are at uM06-2x.  
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2.7.2 Coordinates 
 
 2.01 
E: -570.3778 
H: -570.37685 
G: -570.43002 
Thermal Correction to Enthalpy: 0.171648 
Thermal Correction to Gibbs Free Energy: 0.118478 
SPE uM06: -570.30778 
SPE uM062x: -570.4869939 
 
0 1 
 C                  2.11758600   -0.14733100    0.19801700 
 C                  1.47004200   -0.88036000    1.20426000 
 C                  0.08348800   -0.89701200    1.27135300 
 C                 -0.68253900   -0.18587100    0.34021400 
 C                 -0.03565700    0.54166200   -0.65962300 
 C                  1.35626200    0.56735500   -0.73759500 
 H                  2.07485300   -1.42587500    1.92114500 
 H                 -0.40481400   -1.46957200    2.05620500 
 H                 -0.61671800    1.10146800   -1.38778900 
 H                  1.83175700    1.14263100   -1.52299300 
 C                  4.19422800    0.53031600   -0.77361100 
 H                  5.24978100    0.34886400   -0.56583300 
 H                  3.95582900    0.17239100   -1.78324500 
 H                  3.99137400    1.60705100   -0.71137300 
 O                  3.47557000   -0.19237200    0.21782600 
 C                 -2.21317600   -0.22772000    0.41929300 
 H                 -2.50005800   -0.74831200    1.34300900 
 C                 -2.80341800   -0.98559400   -0.70494700 
 C                 -2.80708400    1.12366900    0.48261100 
 N                 -3.24230300   -1.59637000   -1.58794800 
 N                 -3.25269000    2.19289100    0.54058200 
 
 2.02 
E: -569.77616 
H: -569.77522 
G: -569.82674 
Thermal Correction to Enthalpy: 0.159156 
Thermal Correction to Gibbs Free Energy: 0.107631 
SPE uM06: -569.68976 
SPE uM062x: -569.8627923 
 
0 2 
 C                  2.10734600   -0.29563800   -0.00018300 
 C                  1.29059400   -1.44676000   -0.00005400 
 C                 -0.08150500   -1.32785900   -0.00002800 
 C                 -0.70294800   -0.04895900   -0.00001700 
 C                  0.13212100    1.09510600   -0.00007400 
 C                  1.51279700    0.97964100   -0.00014900 
 H                  1.77109400   -2.41960200   -0.00002600 
 H                 -0.69978000   -2.22018200    0.00004000 
 H                 -0.31959200    2.08234200   -0.00006600 
 H                  2.11973300    1.87724700   -0.00013200 
 C                  4.33150300    0.58658500    0.00026600 
 H                  5.33412100    0.15782900    0.00073500 
 H                  4.19716100    1.20358700   -0.89610400 
 H                  4.19644900    1.20369200    0.89648800 
 O                  3.43832800   -0.52469800   -0.00010600 
 C                 -2.13483900    0.08019800   -0.00000800 
 C                 -2.97976400   -1.05579500    0.00012800 
 C                 -2.76158500    1.35001300   -0.00001900 
 N                 -3.65786000   -2.00700500    0.00006900 
 N                 -3.25473000    2.40893100    0.00003700 
 
  2.01 dimer 
 
E: -1139.559752 
H: -1139.558808 
G: -1139.638512 
Thermal Correction to Enthalpy: 0.32163 
Thermal Correction to Gibbs Free Energy: 0.241925 
SPE uM062x: -1139.767578 
 
 
 
 
  2.01 Pd 
Adduct 
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E: -924.97023 
H: -924.969286 
G: -925.039026 
Thermal Correction to Enthalpy: 0.219494 
Thermal Correction to Gibbs Free Energy: 0.149754 
SPE: -924.9103411 
 
 
 
 
 2.03a 
E: -355.74344 
H: -355.7425 
G: -355.77999 
Thermal Correction to Enthalpy: 0.068747 
Thermal Correction to Gibbs Free Energy 0.031257 
SPE: -355.77048 
 
0 1 
 Pd                 1.26065200   -0.02783900   -0.00007200 
 O                 -0.78782900   -0.83630800   -0.00005100 
 C                 -1.69373800   -0.00235500   -0.00014800 
 O                 -1.45982500    1.30456800    0.00017700 
 C                 -3.14796400   -0.38769400    0.00032200 
 H                 -3.79651300    0.48890800    0.00102800 
 H                 -3.35325800   -1.00210300   -0.88190600 
 H                 -3.35256700   -1.00305100    0.88205200 
 H                 -0.45623500    1.39103100    0.00009300 
 
  2.03b 
E: -584.77342 
H: -584.77248 
G: -584.82534 
Thermal Correction to Enthalpy: 0.136947 
Thermal Correction to Gibbs Free Energy: 0.084083 
SPE: -584.82354 
 
0 1 
 Pd                 0.05845500    0.13743300   -0.00011500 
 O                 -1.91270000   -0.65681100   -0.00008900 
 C                 -2.98185200   -0.07036700    0.00008400 
 O                 -3.01433000    1.27330700    0.00026000 
 O                  2.10298300    0.80835800   -0.00012200 
 C                  2.95166500   -0.08836000   -0.00017300 
 O                  2.63141000   -1.37258000    0.00018500 
 C                 -4.29213300   -0.82914000    0.00008200 
 H                 -4.32550300   -1.47635200    0.88186300 
 H                 -5.17474100   -0.18294200    0.00051300 
 H                 -4.32588500   -1.47568600   -0.88217600 
 C                  4.42737800    0.20353200    0.00028200 
 H                  5.01639500   -0.71439900    0.00095100 
 H                  4.67407700    0.80239100   -0.88213800 
 H                  4.67344200    0.80328700    0.88227200 
 H                 -3.93038200    1.59583300    0.00037800 
 H                  1.61441800   -1.38620800    0.00011800 
 
 2.04 
E: -584.18419 
H: -584.18324 
G: -584.23923 
Thermal Correction to Enthalpy: 0.126275 
Thermal Correction to Gibbs Free Energy: 0.070286 
SPE: -584.2114 
 
0 2 
 Pd                 0.18231500    0.19622700    0.00016100 
 O                 -1.81445100   -0.71386600    0.00030600 
 C                 -2.88235200   -0.12410900    0.00030300 
 O                 -2.89062300    1.21761200   -0.00025400 
 O                  2.15659200    0.96804200   -0.00010900 
 C                  2.72062800   -0.18518600   -0.00016800 
 O                  2.03488900   -1.24238800   -0.00007000 
 C                 -4.19801400   -0.86730400   -0.00038700 
 H                 -4.23498300   -1.51440200    0.88116900 
 H                 -5.07291400   -0.21144400   -0.00066300 
 H                 -4.23429000   -1.51417300   -0.88214900 
 C                  4.23312100   -0.23769000   -0.00028300 
 H                  4.58220700   -1.27200700   -0.00073800 
 H                  4.61925000    0.28450000   -0.88219700 
 H                  4.61932700    0.28370600    0.88207300 
 H                 -3.79665100    1.56790400   -0.00069200 
 
 2.05 
E: -583.61469 
H: -583.61375 
G: -583.66477 
Thermal Correction to Enthalpy: 0.115291 
Thermal Correction to Gibbs Free Energy: 0.064267 
SPE: -583.60797 
 
0 1 
 Pd                 0.00000800   -0.00111300    0.00910800 
 O                  1.76975400    1.08878100    0.00959100 
 O                 -1.77223700   -1.08872000    0.00953400 
 O                 -1.76947800    1.08805600    0.00966100 
 C                 -2.44301000    0.00042100    0.00491300 
 O                  1.77192400   -1.08799800    0.00948900 
 C                  2.44300500    0.00106900    0.00487700 
 C                  3.93889800    0.00216500   -0.03496400 
 H                  4.26938200   -0.03079900   -1.07989400 
 H                  4.32623900    0.91570500    0.42195000 
 H                  4.32797800   -0.88175700    0.47604600 
 C                 -3.93890500    0.00259600   -0.03499600 
 H                 -4.32856000   -0.89639700    0.44830000 
 H                 -4.32576600    0.90190600    0.44993600 
 H                 -4.26927300    0.00408500   -1.08049000 
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 2.06 
 
E: -812.00355 
H: -812.0026 
G: -812.06589 
Thermal Correction to Enthalpy: 0.170961 
Thermal Correction to Gibbs Free Energy: 0.107675 
SPE: -811.99388 
 
0 2 
 Pd                 0.10538700   -0.00185400   -0.00032900 
 O                 -1.38084900   -1.15209500    0.80840100 
 C                 -1.34401300   -2.12674100   -0.04456100 
 O                 -0.52064100   -2.08865900   -0.98816400 
 O                  1.90866000    0.81011900   -0.70971700 
 C                  2.57053400   -0.02250300    0.00269800 
 O                  1.89537400   -0.84446000    0.71287900 
 C                 -2.31151500   -3.26340400    0.14676400 
 H                 -3.33399700   -2.89651600    0.00781000 
 H                 -2.10433500   -4.05691900   -0.57321500 
 H                 -2.23164400   -3.64872700    1.16788100 
 C                  4.06658500   -0.02892300    0.00112600 
 H                  4.44201900   -0.80972100    0.66513500 
 H                  4.42818600   -0.19859000   -1.01834100 
 H                  4.43524900    0.94917800    0.32708400 
 O                 -1.35755400    1.17663600   -0.81112700 
 C                 -1.30591500    2.14861600    0.04404200 
 O                 -0.48576900    2.09434200    0.98958600 
 C                 -2.25422200    3.30152900   -0.14634000 
 H                 -3.28144900    2.95468700    0.00881200 
 H                 -2.02416200    4.09708100    0.56440500 
 H                 -2.18014100    3.67632600   -1.17169400 
 
  2.07 
E: -897.68043 
H: -897.67948 
G: -897.74302 
Thermal Correction to Enthalpy: 0.275381 
Thermal Correction to Gibbs Free Energy: 0.211842 
SPE uM06: -897.5908 
SPE uM062x: -897.853153536 
 
0 1 
 N                 -0.72630400   -0.15862600    1.03644300 
 O                 -2.22457300    2.78897300   -0.24904800 
 C                 -1.96831800    0.59479200    0.91615600 
 H                 -2.27559900    0.93997400    1.91518900 
 O                 -0.22803900    1.70993800   -0.16515600 
 C                  0.17414100    0.51137200    0.42305600 
 C                 -1.58297600    1.84252800    0.10640500 
 C                 -3.12601400   -0.18237700    0.29605700 
 C                 -2.97388800   -1.51893700   -0.08208200 
 C                 -4.36273500    0.45017500    0.11363000 
 C                 -4.04878800   -2.21701800   -0.63696600 
 H                 -2.01653400   -2.00610300    0.06799400 
 C                 -5.43209000   -0.24911600   -0.44413400 
 H                 -4.48104500    1.49332500    0.39162900 
 C                 -5.27900200   -1.58566000   -0.82014900 
 H                 -3.92095600   -3.25692400   -0.92618000 
 H                 -6.38622700    0.25176300   -0.58489600 
 H                 -6.11426600   -2.13014100   -1.25250400 
 C                  1.58463600    0.16835500    0.27067500 
 C                  2.46220600    0.98822900   -0.44841000 
 C                  2.07718100   -1.01353000    0.85744400 
 C                  3.80635500    0.64613600   -0.58831800 
 H                  2.09223000    1.90090500   -0.90290400 
 C                  3.40888600   -1.35997700    0.72407200 
 H                  1.39533400   -1.64574100    1.41662700 
 C                  4.28612700   -0.53244800   -0.00139800 
 H                  4.46399400    1.29846000   -1.15057200 
 H                  3.80428200   -2.26663200    1.17055800 
 O                  5.57202000   -0.96321400   -0.07260700 
 C                  6.51520800   -0.17492400   -0.78709900 
 H                  7.46433200   -0.70789000   -0.71274700 
 H                  6.23571200   -0.07462100   -1.84351700 
 H                  6.62203400    0.82284400   -0.34293500 
 
 
  2.07 radical 
 
E: -897.085685 
H: -897.084741 
G: -897.14729 
Thermal Correction to Enthalpy: 0.262884 
Thermal Correction to Gibbs Free Energy: 0.200335 
SPE uM06: -896.9797252 
SPE uM062x: -897.237324625 
 
0 2 
 N                  0.74411200   -0.39829900    0.00009300 
 O                  2.11755000    2.81900000   -0.00011500 
 C                  1.86897200    0.36089700    0.00003700 
 O                  0.08368800    1.75941600   -0.00003100 
 C                 -0.27272600    0.44486400    0.00010500 
 C                  1.50009800    1.77763800   -0.00000300 
 C                  3.20581500   -0.18497200    0.00000900 
 C                  4.34356100    0.65315500   -0.00013200 
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 C                  3.38897300   -1.58623700    0.00011600 
 C                  5.61894600    0.09830300   -0.00017100 
 H                  4.20912900    1.72883500   -0.00019800 
 C                  4.66767100   -2.12782100    0.00007800 
 H                  2.51292700   -2.22595200    0.00022500 
 C                  5.78882400   -1.28954100   -0.00006800 
 H                  6.48709000    0.75180800   -0.00028400 
 H                  4.79585500   -3.20695700    0.00016500 
 H                  6.78812600   -1.71644400   -0.00010500 
 C                 -1.67298800    0.10467100    0.00014700 
 C                 -2.66613700    1.09950500    0.00028400 
 C                 -2.06652300   -1.25256800    0.00006900 
 C                 -4.01535000    0.76132200    0.00018100 
 H                 -2.37319600    2.14403100    0.00036600 
 C                 -3.40444600   -1.59395200   -0.00002200 
 H                 -1.30014700   -2.02023700    0.00017700 
 C                 -4.39279500   -0.59048100   -0.00009300 
 H                 -4.76045600    1.54818900    0.00065600 
 H                 -3.72270000   -2.63144000   -0.00010800 
 O                 -5.67515700   -1.03295100   -0.00024400 
 C                 -6.72771600   -0.07603000   -0.00018300 
 H                 -6.69320400    0.55658200   -0.89591100 
 H                 -7.65318300   -0.65367200    0.00020000 
 H                 -6.69274100    0.55711000    0.89516900 
 
  2.07 dimer 
 
E: -1794.174302 
H: -1794.173358 
G: -1794.275452 
Thermal Correction to Enthalpy: 0.529704 
Thermal Correction to Gibbs Free Energy: 0.427610 
SPE uM062x: -1794.51891677 
 
0 1 
 N                 -1.70524100   -0.69918300    0.39792200 
 O                 -0.20405300   -0.05193300   -2.74862800 
 O                 -2.22811000   -0.17350600   -1.74766100 
 C                 -2.63106700   -0.45274300   -0.44832700 
 C                 -0.84233500   -0.24331700   -1.75416300 
 C                  0.32923600   -1.93432500   -0.24609700 
 C                  1.29290900   -2.26584300   -1.20913400 
 C                  0.07341700   -2.82788500    0.80382800 
 C                  1.98497300   -3.47432200   -1.12059600 
 H                  1.49214800   -1.58335300   -2.02684000 
 C                  0.77276900   -4.03198300    0.88873100 
 H                 -0.67473200   -2.57289900    1.54522800 
 C                  1.72906100   -4.36021200   -0.07311800 
 H                  2.72555800   -3.72203100   -1.87644500 
 H                  0.56489600   -4.71484800    1.70826000 
 H                  2.26992400   -5.30076900   -0.00807500 
 C                 -4.06883400   -0.43696100   -0.20345400 
 C                 -4.98033600   -0.16032200   -1.22907100 
 C                 -4.55401100   -0.70693700    1.09099500 
 C                 -6.35199200   -0.15060400   -0.98146300 
 H                 -4.61481400    0.04944300   -2.22841900 
 C                 -5.91292900   -0.69879000    1.34509400 
 H                 -3.84479100   -0.92064700    1.88386200 
 C                 -6.82460100   -0.42072200    0.30979400 
 H                 -7.03645500    0.06633200   -1.79301800 
 H                 -6.30355900   -0.90432700    2.33650300 
 C                  0.43341600    0.60447200    0.30701300 
 C                  2.63107600    0.45281100    0.44834600 
 C                 -0.43341100   -0.60442600   -0.30700200 
 N                  1.70524800    0.69923500   -0.39790800 
 C                  0.84233900    0.24335500    1.75417100 
 O                  0.20405800    0.05196300    2.74863600 
 O                  2.22811800    0.17357100    1.74767700 
 C                  4.06884300    0.43703500    0.20346900 
 C                  4.98035400    0.16043000    1.22908800 
 C                  4.55401000    0.70698900   -1.09098800 
 C                  6.35200800    0.15070900    0.98147200 
 H                  4.61484000   -0.04928500    2.22844900 
 C                  5.91292500    0.69883000   -1.34509800 
 H                  3.84478500    0.92067700   -1.88385600 
 C                  6.82460300    0.42076400   -0.30980300 
 H                  7.03648200   -0.06612300    1.79304600 
 H                  6.30354800    0.90433300   -2.33651700 
 C                 -0.32923800    1.93437000    0.24611500 
 C                 -1.29296900    2.26584500    1.20910900 
 C                 -0.07336000    2.82797400   -0.80375800 
 C                 -1.98503400    3.47432300    1.12057900 
 H                 -1.49225600    1.58331800    2.02677300 
 C                 -0.77271400    4.03207200   -0.88865400 
 H                  0.67483600    2.57302400   -1.54512300 
 C                 -1.72906400    4.36025800    0.07315200 
 H                 -2.72566500    3.72199700    1.87639400 
 H                 -0.56479500    4.71497300   -1.70814100 
 H                 -2.26992700    5.30081500    0.00811600 
 O                  8.13593200    0.43840600   -0.66441400 
 O                 -8.13593200   -0.43832100    0.66441100 
 C                 -9.11337900   -0.16933200   -0.33201700 
 H                -10.07859800   -0.24088600    0.17172900 
 H                 -8.99427800    0.83873300   -0.74910300 
 H                 -9.07094000   -0.90594600   -1.14430800 
 C                  9.11333300    0.16857100    0.33182600 
 H                  8.99360000   -0.83947000    0.74878400 
 H                 10.07852600    0.23954200   -0.17205200 
 H                  9.07153000    0.90509800    1.14423300 
 
  2.07 Pd Adduct 
 
E: -1252.270709 
H: -1252.269765 
G: -1252.35015 
Thermal Correction to Enthalpy: 0.323289 
Thermal Correction to Gibbs Free Energy: 0.242903 
SPE: -1252.196958 
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  2.13 
E: -1153.9863 
H: -1153.9854 
G: -1154.0695 
Thermal Correction to Enthalpy: 0.288952 
Thermal Correction to Gibbs Free Energy: 0.204852 
SPE: -1153.9506 
 
0 1 
 Pd                 1.10574600    0.60659400   -0.20113000 
 O                  2.31878500   -0.84205000   -1.20336900 
 C                  3.33033500   -1.36020200   -0.73876000 
 O                  3.82261600   -0.91084700    0.41473000 
 O                  0.06462800    2.30877200    0.43150600 
 C                  0.72329900    3.06959800   -0.36913500 
 O                  1.60642700    2.55230600   -1.11641600 
 C                  4.01477900   -2.51595200   -1.41277200 
 H                  3.68126200   -2.58556300   -2.44835200 
 H                  5.10508700   -2.42192200   -1.37735200 
 H                  3.71568900   -3.42991200   -0.88431500 
 C                  0.43922900    4.54638700   -0.38180900 
 H                  0.94514100    5.02217000   -1.22423500 
 H                 -0.63974900    4.71833000   -0.44078300 
 H                  0.79467000    4.99155000    0.55433300 
 C                  0.12063900   -0.81339500    1.01724200 
 C                  0.81450300   -2.08722100    0.92003000 
 N                  1.40345200   -3.08524900    0.80929300 
 C                  0.30597900   -0.24977400    2.34593100 
 N                  0.45695200    0.21303000    3.40284600 
 C                 -1.30147600   -0.83938800    0.51716300 
 C                 -1.69319600   -1.74428400   -0.48854200 
 C                 -2.25617900    0.05693900    1.01555500 
 C                 -2.99043000   -1.74855200   -0.97495900 
 H                 -0.97402700   -2.45410700   -0.88697000 
 C                 -3.56415800    0.05940300    0.53178100 
 H                 -1.97654400    0.76691300    1.78676200 
 C                 -3.94013700   -0.84553500   -0.46900500 
 H                 -3.29786100   -2.44754500   -1.74618300 
 H                 -4.27554800    0.76555600    0.94389800 
 O                 -5.18689100   -0.93439700   -1.00841400 
 C                 -6.19289100   -0.05411000   -0.53071800 
 H                 -5.92739400    0.99605200   -0.70949300 
 H                 -7.09570200   -0.29911500   -1.09292300 
 H                 -6.38092200   -0.20159900    0.54079200 
 H                  4.57247300   -1.45234800    0.71553400 
 
  2.14 
E: -925.55364 
H: -925.5527 
G: -925.62795 
Thermal Correction to Enthalpy: 0.231241 
Thermal Correction to Gibbs Free Energy: 0.155987 
SPE: -925.51504 
 
0 2 
 Pd                 1.21376500    0.28286200    0.39220200 
 O                  2.53603200   -1.41327500    0.89089800 
 C                  3.27685100   -1.90130200    0.03761300 
 O                  3.32578700   -1.46194900   -1.21776200 
 C                  4.21188900   -3.04356700    0.30973700 
 C                 -0.06177600    1.85946900   -0.15696400 
 C                  0.51450700    2.33122600   -1.38896000 
 N                  0.99253500    2.66830300   -2.39889700 
 C                 -0.02808400    2.80156000    0.93126200 
 N                 -0.00068700    3.53296900    1.83902100 
 C                 -1.20641700    0.91074500   -0.23383600 
 C                 -2.00170100    0.63954300    0.90201100 
 C                 -1.52363800    0.23676600   -1.44134500 
 C                 -3.05003400   -0.27304700    0.84975600 
 H                 -1.79985600    1.16508600    1.83046600 
 C                 -2.56546600   -0.67091400   -1.49517100 
 H                 -0.95098300    0.45195700   -2.33832100 
 C                 -3.33877100   -0.94035600   -0.35071500 
 H                 -3.63740000   -0.45101400    1.74293800 
 H                 -2.81304200   -1.18404300   -2.41888800 
 O                 -4.33685000   -1.84554900   -0.51367600 
 C                 -5.16619800   -2.15320000    0.59934900 
 H                 -5.88408500   -2.89189800    0.23977500 
 H                 -4.58495100   -2.58213900    1.42549900 
 H                 -5.70447900   -1.26569400    0.95536000 
 H                  3.99589600   -3.86993200   -0.37502900 
 H                  5.24313400   -2.72555700    0.12373900 
 H                  4.10297700   -3.37196000    1.34308700 
 H                  2.68997900   -0.71074100   -1.30290300 
 
  2.15 
E: -627.18289 
H: -627.18194 
G: -627.24114 
Thermal Correction to Enthalpy: 0.202626 
Thermal Correction to Gibbs Free Energy: 0.143424 
SPE: -627.19083 
 
0 1 
 Pd                 0.41486900   -0.65665200   -0.09090200 
 O                  1.94121200    0.98622600   -0.08706400 
 C                  3.13229200    0.73043100    0.09883100 
 O                  3.59105800   -0.49683600    0.29178400 
 C                  4.20115500    1.78826100    0.12880400 
 H                  4.95344300    1.57516400   -0.63763500 
 H                  3.75762000    2.76891800   -0.04338800 
 H                  4.70899000    1.77093300    1.09877900 
 H                  2.80760800   -1.11465500    0.24923900 
 C                 -2.62082600   -0.24673200    1.17379700 
 C                 -3.33378900    0.94355700    1.25020100 
 C                 -3.49334500    1.74890800    0.11439800 
 C                 -2.93060300    1.35175900   -1.09754900 
 C                 -2.21945100    0.15149300   -1.18274600 
 C                 -2.05701800   -0.68312700   -0.04998800 
 H                 -2.49672000   -0.86718500    2.05779800 
 H                 -3.76903800    1.25076300    2.19761200 
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 H                 -4.05065400    2.67926900    0.18003200 
 H                 -3.04933500    1.96991900   -1.98342400 
 H                 -1.81197000   -0.17179100   -2.13774700 
 C                 -1.20716400   -1.88578200   -0.13006200 
 H                 -1.23312700   -2.42260700   -1.08045900 
 H                  1.28755100   -1.97493800    0.08941900 
 H                 -1.27399200   -2.56553200    0.71938700 
 
  2.16 
H: -626.5846 
G: -626.64499 
Thermal Correction to Enthalpy: 0.194495 
Thermal Correction to Gibbs Free Energy: 0.134102 
SPE: -626.5921 
 
0 2 
 Pd                 0.56017300   -1.12925000    0.00295600 
 C                 -2.11272200    0.29999000    1.23641900 
 C                 -2.65056000    1.57195400    1.07319900 
 C                 -3.04713300    2.01850800   -0.19369400 
 C                 -2.90316000    1.16860200   -1.29757600 
 C                 -2.36523900   -0.10377600   -1.14405200 
 C                 -1.94287300   -0.57845600    0.12879100 
 H                 -1.82258000   -0.04704300    2.22531400 
 H                 -2.77120400    2.21930800    1.93838200 
 H                 -3.47069400    3.01120900   -0.31733400 
 H                 -3.21935400    1.50231600   -2.28282600 
 H                 -2.26578600   -0.76110700   -2.00437000 
 C                 -1.32837700   -1.89481200    0.28805900 
 H                 -1.55816700   -2.62207700   -0.49510600 
 H                 -1.39363600   -2.33043400    1.28883100 
 C                  2.72072000    1.00230700   -0.04724300 
 O                  2.58335900   -0.19651100   -0.28016500 
 O                  1.71793500    1.78283400    0.35319400 
 H                  0.90819500    1.21386300    0.41079100 
 C                  4.02721400    1.73228300   -0.18413000 
 H                  3.92206700    2.54549200   -0.90978300 
 H                  4.30121800    2.18361800    0.77509700 
 H                  4.80441900    1.04014600   -0.50782100 
 
  2.16b 
H: -1196.3904 
G: -1196.4775 
Thermal Correction to Enthalpy: 0.357089 
Thermal Correction to Gibbs Free Energy: 0.269919 
SPE: -1196.3426 
 
0 1 
 Pd                -0.81636200    0.14346400    0.09553400 
 C                 -0.94292700    1.98343800    1.00966900 
 H                 -1.04996700    1.95108400    2.09213800 
 H                 -0.07735600    2.55977500    0.67697900 
 O                 -1.08208800   -1.69205400   -1.20941500 
 C                 -1.91835700   -2.53992900   -0.89482100 
 O                 -2.79804100   -2.35768300    0.08641500 
 C                 -2.15876700    2.08306400    0.21015200 
 C                 -3.45816800    1.93054100    0.77071000 
 C                 -2.04880400    2.13748400   -1.20791600 
 C                 -4.57680600    1.86620900   -0.04222300 
 H                 -3.55724000    1.88135900    1.85182000 
 C                 -3.19014300    2.05141500   -2.01946100 
 H                 -1.07698600    2.32372900   -1.65894600 
 C                 -4.44798400    1.92171200   -1.44285500 
 H                 -5.56266100    1.76956600    0.40441100 
 H                 -3.08416000    2.10515200   -3.09921400 
 H                 -5.33324800    1.86774800   -2.07001600 
 C                 -2.02056100   -3.88318400   -1.55155800 
 H                 -1.55645700   -3.85259600   -2.53796200 
 H                 -1.47431700   -4.59442600   -0.92017000 
 H                 -3.06044700   -4.21145900   -1.61718400 
 H                 -2.57948700   -1.50458100    0.52989000 
 C                  0.74208100   -0.68433900    1.35959000 
 C                  0.61865300   -0.09419100    2.67673500 
 N                  0.52404200    0.41492900    3.72045500 
 C                  0.41669700   -2.09671400    1.39276100 
 N                  0.13582700   -3.22765500    1.36522900 
 C                  2.02464600   -0.35514400    0.62347300 
 C                  2.84384300    0.70714900    1.02234500 
 C                  2.41349100   -1.10538000   -0.50321300 
 C                  4.01060900    1.02722400    0.32389100 
 H                  2.57926400    1.29339000    1.89756000 
 C                  3.57120300   -0.79660400   -1.20154300 
 H                  1.79729300   -1.93590700   -0.83451100 
 C                  4.38190400    0.27533200   -0.79625000 
 H                  4.61989400    1.85398900    0.67103800 
 H                  3.87292900   -1.37708600   -2.06781600 
 O                  5.49843200    0.49609600   -1.54940000 
 C                  6.36139900    1.55617900   -1.17275100 
 H                  7.17779600    1.55048900   -1.89739400 
 H                  5.84971700    2.52730500   -1.21136800 
 H                  6.77054900    1.40578200   -0.16481600 
 
  2.17 
E: -840.62624 
H: -840.6253 
G: -840.69215 
Thermal Correction to Enthalpy: 0.286969 
Thermal Correction to Gibbs Free Energy: 0.220114 
SPE: -840.52877 
 
0 1 
 C                  1.09625800   -0.01416600   -0.81847100 
 H                  0.69790000   -0.90199600   -1.31941100 
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 H                  0.76751200    0.85783900   -1.39247900 
 C                  0.32814700    0.07197100    0.56861600 
 C                 -1.19277400    0.12616600    0.30924900 
 C                 -1.95812500   -1.03981900    0.27491800 
 C                 -1.81515100    1.34998600    0.01981600 
 C                 -3.31822900   -1.00051600   -0.04037000 
 H                 -1.50320400   -1.99810500    0.50757300 
 C                 -3.16518800    1.40140300   -0.29460600 
 H                 -1.24473200    2.27375700    0.05508300 
 C                 -3.92985300    0.22488800   -0.32858300 
 H                 -3.88359100   -1.92497300   -0.04931400 
 H                 -3.65404000    2.34578700   -0.51080100 
 C                  2.60371900   -0.06961100   -0.73625700 
 C                  3.36245100    1.10909700   -0.73783000 
 C                  3.26973700   -1.30076000   -0.66143500 
 C                  4.75404500    1.05899600   -0.65971000 
 H                  2.86077600    2.07144000   -0.79757700 
 C                  4.66133500   -1.35256500   -0.58376300 
 H                  2.69551800   -2.22365600   -0.66152100 
 C                  5.40676300   -0.17243300   -0.58225400 
 H                  5.32711100    1.98206900   -0.66165300 
 H                  5.16205000   -2.31511100   -0.52634200 
 H                  6.49107700   -0.21232000   -0.52383300 
 C                  0.67715200   -1.10665000    1.38913000 
 N                  0.93785500   -2.06375300    1.99067100 
 C                  0.76972300    1.28095900    1.29665800 
 N                  1.10389300    2.25911500    1.82344600 
 O                 -5.24367000    0.38270000   -0.64383100 
 C                 -6.07373500   -0.76999400   -0.67938100 
 H                 -6.11553700   -1.26545000    0.29913600 
 H                 -7.06935100   -0.41162100   -0.94571300 
 H                 -5.73200700   -1.48850600   -1.43569200 
 
  TS 2.01 
E: -627.17001 
H: -627.16906 
G: -627.22929 
Thermal Correction to Enthalpy: 0.2015 
Thermal Correction to Gibbs Free Energy: 0.141278 
SPE: -627.18609 
 
0 1 
 Pd                -0.49658700   -0.48353500   -0.00022600 
 O                 -2.07814600    1.04426700   -0.00032300 
 C                 -3.24506900    0.64620400    0.00016300 
 O                 -3.56373000   -0.64063600    0.00068600 
 C                 -4.42855700    1.57162500    0.00022500 
 H                 -5.04738100    1.37934200    0.88277100 
 H                 -4.08922300    2.60743500   -0.00031100 
 H                 -5.04804100    1.37863300   -0.88170100 
 H                 -2.69628600   -1.14304600    0.00058100 
 C                  2.50195500   -0.10586400   -1.20815900 
 C                  3.37428100    0.98126900   -1.20617500 
 C                  3.81650100    1.53021800    0.00028700 
 C                  3.37453700    0.98070700    1.20659200 
 C                  2.50221600   -0.10642200    1.20826000 
 C                  2.04915000   -0.67648000   -0.00003200 
 H                  2.17117800   -0.53460300   -2.15113200 
 H                  3.71428400    1.39794200   -2.15090000 
 H                  4.49906700    2.37555600    0.00041100 
 H                  3.71474500    1.39694300    2.15143600 
 H                  2.17162100   -0.53558400    2.15110400 
 C                  1.13811000   -1.86650100   -0.00021200 
 H                  1.26334400   -2.48214200    0.89182200 
 H                 -0.43718900   -2.07367300    0.00024200 
 H                  1.26314800   -2.48178100   -0.89252200 
 
  TS 2.02 
E: -855.60621 
H: -855.60526 
G: -855.67765 
Thermal Correction to Enthalpy: 0.258392 
Thermal Correction to Gibbs Free Energy: 0.186002 
SPE: -855.62927 
 
0 2 
 Pd                 0.00880400   -0.14991700   -0.00218600 
 H                  0.48057000   -2.18451500   -0.00389400 
 C                 -0.99654400   -2.19759800   -0.00425600 
 H                 -1.03927000   -2.82066700   -0.90312800 
 H                 -1.03840100   -2.82518900    0.89153400 
 O                  0.47014400    2.06913900   -0.00030700 
 C                  1.54639700    2.66722100    0.00041900 
 O                  2.73592600    2.08821700    0.00033300 
 O                  2.26892300   -0.52749900   -0.00352600 
 C                  2.53809100   -1.76290300   -0.00367500 
 O                  1.64889000   -2.67586700   -0.00490900 
 C                 -2.05797600   -1.14957700   -0.00093300 
 C                 -2.59755800   -0.63653100   -1.21323700 
 C                 -2.59614200   -0.64280200    1.21464100 
 C                 -3.60052200    0.32973400   -1.20404300 
 H                 -2.22838800   -1.02945300   -2.15731200 
 C                 -3.59908400    0.32343300    1.21164400 
 H                 -2.22569300   -1.04048200    2.15622300 
 C                 -4.10911300    0.81384900    0.00534500 
 H                 -3.99472300    0.70028200   -2.14682800 
 H                 -3.99219400    0.68909000    2.15679400 
 H                 -4.89668500    1.56208200    0.00776300 
 C                  3.98929500   -2.19387500    0.00979200 
 H                  4.07761400   -3.27618700   -0.09207700 
 H                  4.52812400   -1.69425900   -0.80136300 
 H                  4.44886400   -1.87652700    0.95242400 
 C                  1.62541100    4.17264900    0.00150200 
 H                  0.62176100    4.59800100    0.00217000 
 H                  2.17812700    4.51289800    0.88344700 
 H                  2.17740900    4.51413800   -0.88042100 
 H                  2.65328700    1.09343700   -0.00068300 
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  TS 2.03 
E: -1196.9435 
H: -1196.9426 
G: -1197.0357 
Thermal Correction to Enthalpy: 0.362182 
Thermal Correction to Gibbs Free Energy: 0.269106 
SPE: -1196.8821 
 
0 2 
 Pd                 1.29071300   -0.05796500   -0.09645600 
 O                  1.98138000   -2.06335100   -0.83362100 
 C                  2.21655200   -3.26948800   -0.81612100 
 O                  1.50317600   -4.17158900   -0.16743100 
 C                  3.37767700   -3.87785300   -1.56309800 
 H                  3.93656200   -3.09953600   -2.08307100 
 H                  4.03219700   -4.40392000   -0.86032500 
 H                  3.00885200   -4.61861500   -2.28010200 
 H                  0.72751500   -3.76871600    0.31592400 
 C                  3.51695100    2.13401200    1.06530300 
 C                  4.84409200    2.38733900    0.73450700 
 C                  5.19030100    2.74156400   -0.57458500 
 C                  4.19499000    2.83989800   -1.55212200 
 C                  2.86497500    2.58860900   -1.22628600 
 C                  2.49094200    2.23387800    0.09322300 
 H                  3.24881800    1.86680600    2.08438000 
 H                  5.61335500    2.31358600    1.49864000 
 H                  6.22725000    2.94229900   -0.82937600 
 H                  4.45750100    3.11921000   -2.56911700 
 H                  2.09125000    2.67838500   -1.98502300 
 C                  1.09573800    1.90959900    0.42547500 
 H                  0.34363800    2.37337200   -0.21719200 
 H                 -0.16598600   -0.16074500    0.54182900 
 H                  0.83500100    1.99271000    1.48216800 
 C                 -4.96681600    0.53207800   -0.85313800 
 C                 -4.31890200   -0.67822000   -1.16053300 
 C                 -3.23999200   -1.10570400   -0.40806100 
 C                 -2.76759500   -0.34270100    0.68288500 
 C                 -3.42261600    0.86584800    0.97795000 
 C                 -4.50919400    1.30301700    0.22490700 
 H                 -4.68653100   -1.26404900   -1.99687500 
 H                 -2.75236800   -2.04262400   -0.66087100 
 H                 -3.08006000    1.47061300    1.81222600 
 H                 -4.99045900    2.23783800    0.48797200 
 C                 -6.71588400    2.06821600   -1.39126500 
 H                 -7.50464600    2.12429000   -2.14319900 
 H                 -7.16694000    2.06217800   -0.39070000 
 H                 -6.05880700    2.94214200   -1.48765300 
 O                 -6.01588600    0.85997600   -1.65266500 
 C                 -1.60687300   -0.78178600    1.46881700 
 C                 -1.13727400   -2.11768700    1.34956700 
 C                 -1.28344800   -0.11164400    2.68716400 
 N                 -0.71629200   -3.19432600    1.19234900 
 N                 -1.02371800    0.47818900    3.65901600 
 
  TS 2.04 
E: -1425.3661 
H: -1425.3652 
G: -1425.4735 
Thermal Correction to Enthalpy: 0.425126 
Thermal Correction to Gibbs Free Energy: 0.316782 
SPE: -1425.3509 
 
0 1 
 C                  1.42162800    1.79543200   -0.97972300 
 H                  0.94769600    1.57661800   -1.93162600 
 C                  0.75116400    1.44144600    0.23724400 
 C                 -0.36759800    0.54702500    0.18223800 
 H                 -0.82259600    0.26461400   -0.75807800 
 Pd                 1.65848500   -0.48857000   -0.34901300 
 C                  2.54138500    2.65691700   -0.94346600 
 C                  3.00319200    3.15354700    0.26435100 
 H                 -0.75585400    0.08621900    1.08131200 
 C                 -2.35712600    1.97821300    0.32863900 
 C                  1.27004300    1.95458300    1.47349000 
 C                  2.35999500    2.79997400    1.47308200 
 H                  3.01038100    2.95308400   -1.87745200 
 H                  3.85007400    3.83415000    0.28579300 
 H                  2.72067300    3.20901900    2.41269700 
 H                  0.74868800    1.72017600    2.39628000 
 C                 -1.93276100    2.82087000   -0.73147300 
 N                 -1.53352300    3.45476700   -1.62953200 
 C                 -2.07927300    2.42626700    1.64607200 
 N                 -1.80442000    2.73334800    2.74077400 
 C                 -3.42073900    0.98386100    0.09828000 
 C                 -4.00379500    0.27547800    1.17141000 
 C                 -3.86275800    0.67578800   -1.19953900 
 C                 -4.97544400   -0.68942300    0.95185900 
 H                 -3.69643000    0.49973700    2.18915400 
 C                 -4.84007900   -0.29425800   -1.42839300 
 H                 -3.44671300    1.21355900   -2.04710800 
 C                 -5.40431000   -0.98638600   -0.35089600 
 H                 -5.42723200   -1.22537300    1.78113400 
 H                 -5.15467000   -0.49241200   -2.44694400 
 O                 -6.36710500   -1.95210700   -0.45822200 
 C                 -6.85484000   -2.26539600   -1.75061000 
 H                 -7.61267100   -3.03837100   -1.60768400 
 H                 -7.31493800   -1.39214800   -2.23271800 
 H                 -6.05964400   -2.65479100   -2.40127300 
 C                  1.30944600   -2.93015300    1.50559100 
 O                  1.32252700   -2.70503600    0.29972300 
 O                  1.54077100   -1.98315800    2.41872200 
 H                  1.68774000   -1.13798700    1.92174800 
 C                  4.81750900   -1.03480000   -1.21947500 
 O                  3.64135300   -1.33391300   -1.36686200 
 O                  5.77123700   -1.56193200   -2.00346700 
 H                  5.32359300   -2.16397500   -2.62995500 
 C                  1.02446500   -4.27839400    2.10670600 
 H                  1.81705400   -4.55266300    2.80957000 
 H                  0.08709900   -4.23244900    2.67185400 
 H                  0.94141400   -5.02473900    1.31679100 
 C                  5.35696800   -0.09458400   -0.17831700 
 H                  5.28898200   -0.58083900    0.80154400 
 H                  6.39764500    0.16680700   -0.37516200 
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 H                  4.73230800    0.80231700   -0.14552800 
 
  TS 2.04b 
E: -1196.335 
H: -1196.3341 
G: -1196.4202 
Thermal Correction to Enthalpy: 0.355204 
Thermal Correction to Gibbs Free Energy: 0.269115 
SPE: -1196.2893 
 
0 1 
Pd                   -0.71823   0.06803   0.16293  
 C                    -1.47473  -2.04656  -0.63359  
 C                     0.18986  -2.30107   0.22265  
 H                    -1.77942  -2.94698  -0.10471  
 H                    -1.05151  -2.26367  -1.61059  
 O                     0.07737   2.08537   0.95299  
 C                    -0.25676   3.18561   0.52882  
 O                    -1.23388   3.36673  -0.35937  
 H                    -1.62656   2.48495  -0.56332  
 C                    -0.18953  -2.53769   1.59066  
 N                    -0.56221  -2.71622   2.68054  
 C                     0.41805  -3.52489  -0.50574  
 N                     0.54971  -4.47475  -1.16759  
 C                     1.28848  -1.27729  -0.00289  
 C                     1.72992  -1.00612  -1.31354  
 C                     1.95697  -0.66105   1.07464  
 C                     2.77568  -0.11409  -1.54135  
 H                     1.26017  -1.50875  -2.15421  
 C                     2.99762   0.23332   0.84088  
 H                     1.65571  -0.8837    2.09362  
 C                     3.40756   0.51505  -0.46591  
 H                     3.10888   0.10332  -2.55179  
 H                     3.49702   0.72159   1.67257  
 C                    -2.57111  -1.05632  -0.67015  
 C                    -2.6768   -0.11225  -1.73762  
 C                    -3.57988  -1.0348    0.33839  
 C                    -3.77007   0.76694  -1.80593  
 H                    -1.97698  -0.17004  -2.56671  
 C                    -4.64778  -0.15255   0.2571  
 H                    -3.5097   -1.74085   1.16136  
 C                    -4.75114   0.74718  -0.81654  
 H                    -3.85593   1.4473   -2.64899  
 H                    -5.41351  -0.16526   1.02745  
 H                    -5.59946   1.42254  -0.87836  
 O                     4.41374   1.42897  -0.70343  
 C                     5.73138   0.89445  -0.59895  
 H                     6.41673   1.69991  -0.87331  
 H                     5.95227   0.56319   0.42507  
 H                     5.87209   0.04623  -1.28257  
 C                     0.39776   4.47177   0.95407  
 H                     0.94626   4.90021   0.10785  
 H                    -0.36218   5.19893   1.25538  
 H                     1.08798   4.27819   1.77511 
 
  2.18 
E: -1168.467 
H: -1168.466 
G: -1168.5556 
Thermal Correction to Enthalpy: 0.257522 
Thermal Correction to Gibbs Free Energy: 0.167909 
SPE: -1168.5194 
 
0 1 
 Pd                -1.18916000   -0.24669100   -0.21314200 
 O                 -3.46131400   -0.83559300   -0.47871400 
 C                 -4.33679700   -0.53974200    0.30993800 
 O                 -4.01313000   -0.14164900    1.55505600 
 O                 -0.52609200   -2.23087200   -0.19068000 
 C                  0.70246900   -2.49137400   -0.11591900 
 O                  1.63957000   -1.61641100   -0.04056600 
 C                 -5.81134700   -0.58762400   -0.02732200 
 H                 -5.94039800   -0.97093300   -1.03935900 
 H                 -6.35140600   -1.23068400    0.67747500 
 H                 -6.24274100    0.41917200    0.03177400 
 C                  1.13352000   -3.94229000   -0.11629800 
 H                  1.78818500   -4.13037000   -0.97415600 
 H                  1.70955500   -4.15692600    0.79012100 
 H                  0.26438500   -4.59958700   -0.16651100 
 H                 -4.80971900    0.08174800    2.06476700 
 Pd                 1.17537400    0.41313600   -0.03180800 
 C                 -0.71094400    2.61853700   -0.14529400 
 O                 -1.64877600    1.76315200   -0.22490100 
 O                  0.53008500    2.36996600   -0.04232000 
 C                 -1.10302400    4.08153100   -0.20600600 
 H                 -0.48896200    4.66304700    0.48657200 
 H                 -0.91375300    4.45957100   -1.21755700 
 H                 -2.16293100    4.20777600    0.02385900 
 C                  4.37404800    0.17891900    0.22822200 
 O                  3.42849100    0.96034100    0.14562200 
 O                  4.26603600   -1.14316600    0.19970000 
 H                  3.31149700   -1.41638800    0.10517000 
 C                  5.80015100    0.64456000    0.37958000 
 H                  6.21024200    0.26948600    1.32350300 
 H                  6.41296100    0.23262000   -0.42880900 
 H                  5.83979800    1.73376500    0.36386700 
 
  2.24 
E: -1167.2668 
H: -1167.2658 
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G: -1167.3446 
Thermal Correction to Enthalpy: 0.232169 
Thermal Correction to Gibbs Free Energy: 0.153371 
SPE: -1167.26 
 
0 1 
 Pd                -1.51670500    0.15209200    0.05451800 
 O                 -1.35800500   -1.25128500    1.53343300 
 O                  0.85040800   -1.78044300    1.36499300 
 C                 -0.30945800   -1.88074900    1.86863100 
 Pd                 1.45283100   -0.43573600   -0.05416600 
 O                  0.77266200   -1.67766300   -1.52931000 
 O                 -1.46929000   -1.31469800   -1.37115500 
 C                 -0.43582000   -1.85481100   -1.86982500 
 C                 -0.45336900   -2.84559800    3.02895100 
 H                 -0.28924900   -2.29279700    3.96115400 
 H                 -1.46167000   -3.26378500    3.05046700 
 H                  0.29504600   -3.63715300    2.95988800 
 C                 -0.66970300   -2.80414400   -3.02827700 
 H                 -0.61461200   -2.23178300   -3.96146000 
 H                  0.10527800   -3.57282500   -3.04989600 
 H                 -1.66183700   -3.25370900   -2.95655600 
 C                  2.79866900    1.60547600   -0.01000500 
 C                 -1.97948700    2.55202400    0.00941900 
 C                  3.66530300    2.82633200    0.01784100 
 H                  3.49105800    3.43245000   -0.87414300 
 H                  3.46976900    3.40480900    0.92424500 
 H                  4.71761100    2.51849700    0.02868000 
 C                 -2.24157600    4.02639200   -0.01920900 
 H                 -2.74402300    4.30152900   -0.94926200 
 H                 -2.84354700    4.31648200    0.84557100 
 H                 -1.28648300    4.56224500    0.03440400 
 O                  2.45135900    1.01046700    1.06878100 
 O                  2.39528200    1.09717400   -1.11246500 
 O                 -1.89051400    1.86812200   -1.06853200 
 O                 -1.81271500    1.92509200    1.11245000 
 
 2.25 
 
E: -1737.016 
H: -1737.015 
G: -1737.1237 
Thermal Correction to Enthalpy: 0.394194 
Thermal Correction to Gibbs Free Energy: 0.285537 
SPE: -1736.9552 
 
0 2 
 Pd                -1.25967400    0.73375600   -0.07487500 
 O                 -2.04226500   -0.12923400    1.65637700 
 O                 -0.79886900   -2.01281500    1.89512700 
 C                 -1.64768400   -1.15336000    2.29015900 
 Pd                -0.09073400   -2.13653600   -0.00867800 
 O                 -1.96010700   -2.57241300   -0.66113000 
 O                 -2.53449800   -0.48836500   -1.33344500 
 C                 -2.70927200   -1.72873300   -1.26481400 
 C                 -2.22953500   -1.34802500    3.67216300 
 H                 -1.86096700   -0.53954600    4.31293500 
 H                 -3.31863200   -1.25891200    3.62321000 
 H                 -1.94452800   -2.31760200    4.08241100 
 C                 -3.90254400   -2.32338800   -1.98750500 
 H                 -3.60886900   -2.54215000   -3.02083100 
 H                 -4.21296200   -3.25692400   -1.51398900 
 H                 -4.72466200   -1.60517200   -2.00580500 
 C                  2.12950000   -2.30914000   -1.02791600 
 C                  3.48309100   -2.49981700   -1.64022200 
 H                  3.47564700   -2.15999300   -2.67892700 
 H                  4.23712100   -1.96517500   -1.05771400 
 H                  3.73016800   -3.56815600   -1.63193700 
 O                  1.98963500   -2.08446800    0.22294500 
 O                  1.06118300   -2.39807800   -1.72852100 
 C                 -0.01224500    2.08053500    1.05269500 
 C                 -0.42066700    1.99401000    2.44584800 
 N                 -0.70793300    1.92411000    3.57005300 
 C                 -0.26662600    3.42436600    0.55272400 
 N                 -0.42317400    4.50533000    0.15506000 
 C                  1.38229000    1.59672300    0.77805500 
 C                  2.01597800    1.93194100   -0.43337200 
 C                  2.10332100    0.84633800    1.73121000 
 C                  3.32574200    1.54419700   -0.68837400 
 H                  1.47006700    2.49185500   -1.18450600 
 C                  3.40819700    0.46089500    1.48518700 
 H                  1.63926000    0.57980600    2.67508000 
 C                  4.03238100    0.80550300    0.27419200 
 H                  3.78428500    1.82047900   -1.63057600 
 H                  3.96843200   -0.11481300    2.21384600 
 O                  5.30815900    0.36660500    0.12119000 
 C                  6.04600600    0.79355500   -1.01944100 
 H                  6.10640600    1.88756100   -1.06619600 
 H                  7.04711500    0.37778500   -0.89721100 
 H                  5.60500200    0.41260500   -1.94905100 
 O                 -2.72946400    2.40196300   -0.84335600 
 C                 -1.93109900    2.52228900   -1.80946700 
 O                 -0.84857600    1.81858100   -1.81453600 
 C                 -2.17805000    3.49777800   -2.92311300 
 H                 -1.73295900    4.45718400   -2.63363900 
 H                 -1.70653300    3.15355500   -3.84673900 
 H                 -3.25117800    3.64121200   -3.06800300 
 
  2.26 
 
E: -2306.6982 
H: -2306.6973 
G: -2306.8363 
Thermal Correction to Enthalpy: 0.553923 
Thermal Correction to Gibbs Free Energy: 0.414972 
SPE: -2306.5988 
 
0 1 
 Pd                 1.01958500   -0.92498900    0.06444000 
 O                  0.28217000   -2.22868900   -1.58109500 
 O                 -1.78455200   -2.32741600   -0.71896800 
 C                 -0.77901700   -2.84423600   -1.33424600 
 Pd                -1.67066800   -0.32669000   -0.25743600 
52 
 
 O                 -1.76150900   -0.84264500    1.80582100 
 O                  0.24277800   -1.90178400    1.74162600 
 C                 -0.90970000   -1.66235300    2.24269500 
 C                 -0.92545800   -4.28733100   -1.74978900 
 H                 -0.16372800   -4.84962300   -1.19911100 
 H                 -1.92336700   -4.67051500   -1.53368400 
 H                 -0.70745000   -4.37340600   -2.81892400 
 C                 -1.26844800   -2.45124900    3.48334700 
 H                 -2.07188400   -3.14646500    3.21731500 
 H                 -0.40540500   -2.99992400    3.86173300 
 H                 -1.65585600   -1.76780500    4.24437900 
 C                 -1.19320200    0.80937100   -2.08651700 
 C                  2.13667500    0.27769600    1.53171200 
 C                 -1.85075700    1.86495600   -1.30484600 
 C                 -1.35554300    2.13523600    0.00543400 
 C                 -3.09699400    2.42131800   -1.68886900 
 C                 -2.10359600    2.89212900    0.91940700 
 H                 -0.33783600    1.88081700    0.27200900 
 C                 -3.79946200    3.20024200   -0.80388400 
 H                 -3.49661000    2.21155200   -2.67444800 
 C                 -3.33129600    3.41550100    0.52352300 
 H                 -1.69186800    3.05066600    1.90790300 
 H                 -4.75129500    3.64126300   -1.08181300 
 C                  3.08693900    1.15553600    0.79040800 
 C                  2.76073900    2.49490900    0.48251700 
 C                  4.33892200    0.66308200    0.37752100 
 C                  3.63934500    3.29828000   -0.21871800 
 H                  1.81814500    2.91613400    0.81746000 
 C                  5.22655400    1.46304500   -0.33068200 
 H                  4.60119100   -0.36419200    0.59366900 
 C                  4.88166000    2.78814600   -0.64065000 
 H                  3.39751500    4.33042000   -0.44991900 
 H                  6.18049500    1.04903700   -0.63496700 
 C                  0.21974700    0.64606500   -1.95580000 
 N                  1.36795900    0.48987800   -1.75284400 
 C                 -1.78022000    0.34881600   -3.31366500 
 N                 -2.25989200   -0.00752400   -4.31086800 
 C                  1.11360100    1.00265900    2.26641600 
 N                  0.31476100    1.63133900    2.83185900 
 C                  2.76368600   -0.71404000    2.39081100 
 N                  3.29489500   -1.44387000    3.12242000 
 O                 -4.14436700    4.15361200    1.29801100 
 O                  5.66887800    3.65193100   -1.32068200 
 C                 -3.78800000    4.35401400    2.66832900 
 H                 -2.85925600    4.93010300    2.75199600 
 H                 -4.61128100    4.91951000    3.10487300 
 H                 -3.67785000    3.39500600    3.18645900 
 C                  6.93591800    3.20211200   -1.79119000 
 H                  7.37553700    4.05262400   -2.31375300 
 H                  7.58777700    2.90748200   -0.95975600 
 H                  6.82589800    2.36160000   -2.48689600 
 O                  2.90377800   -1.87338200   -0.14720400 
 C                  2.89040000   -3.18769300   -0.05014800 
 O                  1.91679100   -3.89331200    0.16967900 
 O                 -3.75325400   -0.18982200   -0.73872500 
 C                 -4.60196100   -1.01778400   -0.16548100 
 O                 -4.37521300   -1.81976700    0.72315900 
 C                 -6.00256800   -0.86303400   -0.78136100 
 H                 -6.71453300   -1.44875500   -0.19628600 
 H                 -6.30520600    0.18830800   -0.80125300 
 H                 -5.98666700   -1.22598300   -1.81460100 
 C                  4.29592600   -3.77122000   -0.21384600 
 H                  4.21904600   -4.84687300   -0.38702100 
 H                  4.83201100   -3.29179000   -1.03798100 
 H                  4.86091100   -3.59556500    0.70892100 
 
 Acetic Acid 
 
E: -229.015188 
H: -229.014244 
G: -229.047097 
Thermal Correction to Enthalpy: 0.067543 
Thermal Correction to Gibbs Free Energy: 0.034691 
SPE: -229.036895 
 
0 1 
 C                 -0.09223800    0.12593300   -0.00011200 
 O                 -0.64487500    1.20241000    0.00002500 
 O                 -0.77914600   -1.04655400    0.00000200 
 H                 -1.72379300   -0.80231200    0.00014600 
 C                  1.39717200   -0.11043500    0.00000000 
 H                  1.68436400   -0.69134700    0.88256800 
 H                  1.68430600   -0.69344300   -0.88118400 
 H                  1.91769000    0.84726200   -0.00106900 
 
Toluen
e 
 
E: -271.432125 
H: -271.431181 
G: -271.468862 
Thermal Correction to Enthalpy: 0.135469 
Thermal Correction to Gibbs Free Energy: 0.097789 
SPE: -271.4156132 
 
0 1 
 C                 -2.42554100    0.00008200    0.00941200 
 H                 -2.83410800    0.89140700   -0.47906800 
 H                 -2.83431800   -0.88068000   -0.49782900 
 H                 -2.80996100   -0.01095300    1.03842700 
 C                 -0.91390300    0.00018900   -0.01141100 
 C                 -0.19415000    1.20238800   -0.00901800 
 C                 -0.19436200   -1.20228100   -0.00901500 
 C                  1.20141400    1.20530500    0.00219900 
 H                 -0.73425400    2.14687800   -0.01793600 
 C                  1.20109000   -1.20547500    0.00219800 
 H                 -0.73468400   -2.14666000   -0.01794500 
 C                  1.90511700   -0.00011800    0.00851300 
 H                  1.73896100    2.15020400    0.00155000 
 H                  1.73849800   -2.15045500    0.00154400 
 H                  2.99187000   -0.00027800    0.01399200 
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p-Trifluoromethyltoluene 
 
E: -608.462156 
H: -608.461212 
G: -608.50955 
Thermal Correction to Enthalpy: 0.143893 
Thermal Correction to Gibbs Free Energy: 0.095555 
SPE: -608.4510647 
 
0 1 
 C                  0.30010400    1.20862600   -0.03293800 
 C                  1.69299500    1.20252400   -0.01953400 
 C                  2.41258900    0.00012000   -0.00789700 
 C                  1.69238200   -1.20217400   -0.01951700 
 C                  0.29970200   -1.20760900   -0.03301900 
 C                 -0.40144900    0.00076200   -0.03889300 
 H                 -0.24193400    2.14861900   -0.05048300 
 H                  2.23066200    2.14764300   -0.02290500 
 H                  2.22966900   -2.14752600   -0.02288300 
 H                 -0.24276100   -2.14741400   -0.05073700 
 C                  3.92235900   -0.00054800    0.03777300 
 H                  4.28504100   -0.01400400    1.07420200 
 H                  4.33860100   -0.88076100   -0.46315900 
 H                  4.33867900    0.89201000   -0.44057800 
 C                 -1.90366700    0.00016600    0.00362700 
 F                 -2.42728100    1.09617700   -0.59146100 
 F                 -2.37158500   -0.01279600    1.27532300 
 F                 -2.42647300   -1.08446700   -0.61287000 
 
 
p-Trifluoromethyltoluene CMD 
 
E: -1192.633781 
H: -1192.632837 
G: -1192.716752 
Thermal Correction to Enthalpy: 0.266807 
Thermal Correction to Gibbs Free Energy: 0.182891 
SPE: -1192.664736 
 
0 2 
 Pd                 1.03681600   -0.23294100    0.00975100 
 H                  2.02318800   -2.07852800   -0.00028900 
 C                  0.62206700   -2.49070800    0.01120100 
 H                  0.74381400   -3.10858400   -0.88359500 
 H                  0.74874200   -3.09836900    0.91220300 
 O                  0.86808900    2.01066200    0.01080200 
 C                  1.73948700    2.88226300    0.00102600 
 O                  3.04115700    2.65122500   -0.00907900 
 O                  3.30106400    0.00373900   -0.00321600 
 C                  3.89853200   -1.11274300   -0.01075300 
 O                  3.29214300   -2.23200500   -0.00932200 
 C                 -0.67458200   -1.75894800    0.00991500 
 C                 -1.33146300   -1.41366100   -1.20506400 
 C                 -1.32395000   -1.39620800    1.22264100 
 C                 -2.54800300   -0.74326300   -1.20243500 
 H                 -0.87435600   -1.70014300   -2.14831700 
 C                 -2.54236900   -0.72564000    1.21829300 
 H                 -0.86266200   -1.67053400    2.16746600 
 C                 -3.16154700   -0.39569400    0.00803500 
 H                 -3.02656800   -0.48688800   -2.14246900 
 H                 -3.01587400   -0.45741900    2.15684200 
 C                  5.41182500   -1.12727500   -0.02562100 
 H                  5.76933700   -0.62027900   -0.92822500 
 H                  5.78984100   -0.56666800    0.83553900 
 H                  5.79347100   -2.14855400   -0.00099000 
 C                  1.39975200    4.35010100   -0.00109600 
 H                  0.31786500    4.48196900    0.01292300 
 H                  1.84912500    4.83435100    0.87214400 
 H                  1.82444300    4.82542300   -0.89151600 
 H                  3.23642500    1.67251200   -0.00771700 
 C                 -4.50499400    0.27281800   -0.00642400 
 F                 -4.60943400    1.16861100   -1.01599800 
 F                 -5.51232000   -0.61853300   -0.17930400 
 F                 -4.76030200    0.93012100    1.14704300 
 
 
p-Trifluoromethyltoluene Oxidative Addition 
 
E: -964.197393 
H: -964.196448 
G: -964.266667 
Thermal Correction to Enthalpy: 0.209981 
Thermal Correction to Gibbs Free Energy: 0.139763 
SPE: -964.222178 
 
0 1 
 Pd                 1.75344000   -0.58477200    0.00006200 
 O                  2.81875300    1.33619100    0.00002600 
 C                  4.05147100    1.31193000    0.00005500 
 O                  4.74627000    0.18234400    0.00010500 
 C                  4.89782200    2.55253700    0.00002800 
 H                  5.54622900    2.55675500   -0.88222900 
 H                  4.26001200    3.43632900    0.00007800 
 H                  5.54634200    2.55672500    0.88220100 
 H                  4.07736400   -0.56024300    0.00011300 
 C                 -1.20518200   -1.12114200    1.20821600 
 C                 -2.35300600   -0.33568300    1.20886300 
 C                 -2.93336500    0.06189300   -0.00009400 
 C                 -2.35293900   -0.33575600   -1.20899100 
 C                 -1.20511000   -1.12121400   -1.20822700 
 C                 -0.60426100   -1.53576600    0.00002300 
 H                 -0.76385700   -1.42977300    2.15219900 
 H                 -2.79868700   -0.02668400    2.14893700 
 H                 -2.79856800   -0.02681800   -2.14910800 
 H                 -0.76373000   -1.42989900   -2.15216800 
 C                  0.61595800   -2.40045600    0.00008600 
 H                  0.68298200   -3.02332900   -0.89293700 
 H                  2.18281500   -2.11406300    0.00014000 
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 H                  0.68292100   -3.02328300    0.89314500 
 C                 -4.20681300    0.85701600   -0.00012300 
 F                 -5.30218800    0.05782100    0.00031500 
 F                 -4.30758900    1.65115800    1.09034400 
 F                 -4.30796600    1.65050600   -1.09102400 
 
Isopropy
lbenzene 
 
E: -349.998987 
H: -349.998042 
G: -350.041238 
Thermal Correction to Enthalpy: 0.195215 
Thermal Correction to Gibbs Free Energy: 0.152019 
SPE: -349.9991299 
 
0 1 
 C                 -1.78072700    1.30571800    0.00024300 
 C                 -0.40132700    1.10008500    0.00015300 
 C                  0.13763400   -0.19551000   -0.00013000 
 C                 -0.75191700   -1.27731300   -0.00030100 
 C                 -2.13414500   -1.07818800   -0.00019700 
 C                 -2.65433000    0.21591700    0.00006700 
 H                 -2.17451000    2.31908000    0.00044700 
 H                  0.26323500    1.96087900    0.00029500 
 H                 -0.35590600   -2.29084000   -0.00050900 
 H                 -2.80271500   -1.93547200   -0.00033300 
 H                 -3.72937700    0.37531200    0.00013100 
 C                  1.64316100   -0.42905400   -0.00015200 
 H                  1.79993600   -1.51648900   -0.00053900 
 C                  2.31159100    0.13129300    1.26962900 
 H                  3.38396600   -0.09804300    1.27541100 
 H                  2.20457700    1.22102200    1.32818700 
 H                  1.86557700   -0.29639600    2.17414100 
 C                  2.31178200    0.13220700   -1.26940000 
 H                  3.38412800   -0.09727100   -1.27526600 
 H                  1.86580900   -0.29471600   -2.17429800 
 H                  2.20495300    1.22200000   -1.32714600 
 
 
Isopropylbenzene CMD 
 
E: -934.165626 
H: -934.164682 
G: -934.244086 
Thermal Correction to Enthalpy: 0.318002 
Thermal Correction to Gibbs Free Energy: 0.238598 
SPE: -934.2116083 
 
0 2 
 Pd                 0.11615400    0.06943600    0.00086300 
 H                  0.13303800   -1.96520500    0.00209300 
 C                 -1.38822500   -1.70891400    0.00064000 
 O                  1.05460900    2.16434200   -0.00016300 
 C                  2.23148900    2.52177300    0.00014400 
 O                  3.27213400    1.70177600    0.00130300 
 O                  2.25771200   -0.77140500    0.00379500 
 C                  2.22968200   -2.03145100    0.00486500 
 O                  1.14685200   -2.71156200    0.00447500 
 C                 -2.08845700   -0.37476100   -0.00054200 
 C                 -2.45816100    0.28449100   -1.21257300 
 C                 -2.45807100    0.28642600    1.21048200 
 C                 -3.12812800    1.50573900   -1.20617500 
 H                 -2.23086300   -0.18239100   -2.16390000 
 C                 -3.12801100    1.50770300    1.20220300 
 H                 -2.23076500   -0.17899300    2.16252600 
 C                 -3.47223600    2.12594400   -0.00246300 
 H                 -3.39026800    1.97138600   -2.15289100 
 H                 -3.39002400    1.97487000    2.14820300 
 H                 -4.00113000    3.07483100   -0.00321000 
 C                  3.52189000   -2.81899800   -0.00721800 
 H                  3.60552100   -3.35692000   -0.95789400 
 H                  4.38266700   -2.15950400    0.11413000 
 H                  3.50524400   -3.56794800    0.79003900 
 C                  2.63335100    3.97495200   -0.00083400 
 H                  1.74513900    4.60684600   -0.00203200 
 H                  3.24568300    4.18939500    0.88134500 
 H                  3.24699200    4.18785400   -0.88247600 
 H                  2.97632700    0.75092500    0.00204200 
 C                 -1.63367700   -2.54792800    1.26366900 
 H                 -1.09273200   -3.49718900    1.19812000 
 H                 -1.29371600   -2.05087700    2.17718400 
 H                 -2.70321400   -2.77907100    1.38324200 
 C                 -1.63146400   -2.54919400   -1.26194800 
 H                 -1.29059200   -2.05271600   -2.17544800 
 H                 -1.09005100   -3.49808500   -1.19476600 
 H                 -2.70068400   -2.78116600   -1.38281500 
 
 
Isopropylbenzene Oxidative Addition 
 
E: -705.73035 
H: -705.729406 
G: -705.794004 
Thermal Correction to Enthalpy: 0.26088 
Thermal Correction to Gibbs Free Energy: 0.196281  
SPE: -705.7677495 
 
0 1 
 Pd                -0.56744200    0.26751500    0.00000500 
 O                 -2.28998300   -1.11571400    0.00002000 
 C                 -3.41254200   -0.60519500    0.00002600 
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 O                 -3.60433100    0.70600300    0.00003400 
 C                 -4.68079600   -1.41112200    0.00001600 
 H                 -5.27833000   -1.15927500   -0.88226700 
 H                 -4.44430700   -2.47515200    0.00008900 
 H                 -5.27842500   -1.15916400    0.88220200 
 H                 -2.68987700    1.12103500    0.00002800 
 C                  2.21889600   -0.49925400    1.20526600 
 C                  2.85187600   -1.74132900    1.20242800 
 C                  3.17648600   -2.37156500    0.00001500 
 C                  2.85170300   -1.74144100   -1.20240900 
 C                  2.21872400   -0.49936700   -1.20527100 
 C                  1.88552100    0.16564800   -0.00000900 
 H                  1.98934400   -0.03440600    2.15727300 
 H                  3.09587300   -2.21549700    2.14980200 
 H                  3.67245500   -3.33820000    0.00002500 
 H                  3.09556300   -2.21569800   -2.14977500 
 H                  1.98903300   -0.03460600   -2.15728800 
 C                  1.21543200    1.52556800   -0.00003000 
 H                 -0.38509800    1.85229300   -0.00005900 
 C                  1.50412900    2.35379300   -1.25919400 
 H                  1.02450500    3.33512800   -1.18681900 
 H                  2.58745400    2.51002100   -1.37042000 
 H                  1.13277200    1.88132400   -2.17147200 
 C                  1.50411200    2.35385100    1.25909900 
 H                  2.58743500    2.51007800    1.37034300 
 H                  1.02449600    3.33518600    1.18666600 
 H                  1.13273000    1.88143000    2.17139200 
 
 
p-Ethyltoluene 
 
E: -350.004938 
H: -350.003993 
G: -350.046878 
Thermal Correction to Enthalpy: 0.194111 
Thermal Correction to Gibbs Free Energy: 0.151227 
SPE: -350.0017661 
 
0 1 
 C                 -3.35804900   -0.00030700    0.29586800 
 H                 -3.83176700    0.89385000   -0.12361500 
 H                 -3.83602700   -0.87745200   -0.15384000 
 H                 -3.59269400   -0.01831300    1.36893800 
 C                 -1.86553600    0.00027800    0.05768800 
 C                 -1.14905000    1.19892100   -0.04749300 
 C                 -1.14898100   -1.19865100   -0.04783500 
 C                  0.23173700    1.19870000   -0.24397100 
 H                 -1.68002100    2.14651700    0.01819300 
 C                  0.23153600   -1.19847400   -0.24422300 
 H                 -1.68022700   -2.14613400    0.01755400 
 C                  0.94932800    0.00021800   -0.34472500 
 H                  0.75963600    2.14664800   -0.32977000 
 H                  0.75959600   -2.14630000   -0.33022800 
 C                  2.45300700    0.00014600   -0.52372400 
 H                  2.75284700   -0.87855700   -1.10908900 
 H                  2.75310000    0.87937300   -1.10813600 
 C                  3.21698600   -0.00047900    0.81277300 
 H                  2.96479500   -0.88492100    1.40872700 
 H                  4.30052000   -0.00027900    0.64584900 
 H                  2.96436600    0.88345200    1.40926300 
 
 
p-Ethyltoluene CMD (methyl) 
 
E: -934.176985 
H: -934.176985 
G: -934.256156 
Thermal Correction to Enthalpy: 0.317918 
Thermal Correction to Gibbs Free Energy: 0.237804 
SPE: -934.2159183 
 
0 2 
 Pd                 0.61249900   -0.20778300   -0.00100700 
 H                  1.40130300   -2.13543600   -0.00330100 
 C                 -0.06082000   -2.38364300   -0.00300500 
 H                 -0.00423800   -3.00663400   -0.90110600 
 H                 -0.00374300   -3.00904300    0.89339700 
 O                  0.69197500    2.05951600    0.00058300 
 C                  1.65633300    2.82488100   -0.00015600 
 O                  2.92453800    2.44753600   -0.00148800 
 O                  2.90368700   -0.21101300   -0.00284800 
 C                  3.36489300   -1.38812300   -0.00450400 
 O                  2.63224200   -2.43142000   -0.00562600 
 C                 -1.27297100   -1.51384100   -0.00146500 
 C                 -1.88773900   -1.08834700   -1.21114100 
 C                 -1.88711000   -1.09175000    1.20972000 
 C                 -3.02659000   -0.28906400   -1.20054200 
 H                 -1.46238400   -1.41318900   -2.15753700 
 C                 -3.02596600   -0.29247800    1.20197900 
 H                 -1.46123700   -1.41924000    2.15497200 
 C                 -3.62161300    0.12413900    0.00145300 
 H                 -3.46711100    0.01914300   -2.14671400 
 H                 -3.46601100    0.01303800    2.14924500 
 C                  4.86590900   -1.58468500    0.01025200 
 H                  5.12463500   -2.63572000   -0.12426400 
 H                  5.32449200   -0.97886100   -0.77723800 
 H                  5.26332700   -1.23205400    0.96866200 
 C                  1.49047500    4.32329400    0.00043500 
 H                  0.43126100    4.58083100    0.00183600 
 H                  1.98167600    4.74881700    0.88176900 
 H                  1.97940700    4.74923900   -0.88196000 
 H                  3.00606400    1.45289800   -0.00188000 
 C                 -4.88947000    0.95055800    0.00296600 
 H                 -4.89925400    1.60653200    0.88292700 
 H                 -4.89998700    1.60861200   -0.87542700 
 C                 -6.16693600    0.08991200    0.00248600 
 H                 -6.20386700   -0.55738700    0.88605400 
 H                 -7.06452800    0.71958300    0.00367700 
 H                 -6.20467800   -0.55520000   -0.88264600 
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p-Ethyltoluene Oxidative Addition (methyl) 
 
E: -705.720364 
H: -705.71942 
G: -705.789209 
Thermal Correction to Enthalpy: 0.261258 
Thermal Correction to Gibbs Free Energy: 0.191469 
SPE: -705.7581184 
 
0 1 
 Pd                -1.30243200   -0.79177800    0.10151600 
 O                 -2.54275500    1.01730100    0.31487200 
 C                 -3.67909000    1.25783600   -0.05002600 
 O                 -4.40153100    0.30813300   -0.66791400 
 C                 -4.34210200    2.59991600    0.16155800 
 H                 -5.24547900    2.48855100    0.77330100 
 H                 -3.64824700    3.27255300    0.66553300 
 H                 -4.63650400    3.03850300   -0.79949300 
 H                 -5.28617600    0.64137700   -0.89478700 
 C                  1.81979700   -0.76655400   -1.21755700 
 C                  2.82565500    0.19606800   -1.24220600 
 C                  3.34066000    0.74538900   -0.05907500 
 C                  2.80300400    0.29209000    1.15346700 
 C                  1.79529700   -0.66956800    1.18628400 
 C                  1.27576200   -1.22412200   -0.00077300 
 H                  1.44310400   -1.17656900   -2.15199100 
 H                  3.22267900    0.52673000   -2.20056200 
 H                  3.18126800    0.69850900    2.08996900 
 H                  1.40158300   -1.00513700    2.14300200 
 C                  0.22411300   -2.29426500    0.03131200 
 H                 -1.33537200   -2.35385600   -0.14783300 
 H                  0.32261900   -2.96525700   -0.82507600 
 C                  4.46941000    1.75404000   -0.08910400 
 H                  4.37471400    2.43862300    0.76404900 
 H                  4.38743200    2.37202000   -0.99291700 
 C                  5.86264400    1.09885100   -0.05431400 
 H                  6.65589300    1.85591200   -0.07694000 
 H                  5.99010200    0.49881800    0.85394300 
 H                  6.00315800    0.43246500   -0.91306300 
 H                  0.26449700   -2.88299500    0.95007700 
 
 
p-Ethyltoluene CMD (ethyl) 
 
E: -934.174542  
H: -934.173598 
G: -934.253987 
Thermal Correction to Enthalpy: 0.317714 
Thermal Correction to Gibbs Free Energy: 0.237324 
SPE: -934.2155917 
 
0 2 
 Pd                 0.31168800   -0.07416900   -0.02172700 
 H                  1.11016400   -1.95162700    0.21140600 
 C                 -0.36102400   -2.26677500    0.07613600 
 O                  0.37867000    2.20157200   -0.15092300 
 C                  1.33406100    2.97703700   -0.16841700 
 O                  2.60590800    2.61491700   -0.10685400 
 O                  2.61294200   -0.04420700    0.03229800 
 C                  3.06902300   -1.20304400    0.23823300 
 O                  2.33256200   -2.24085800    0.34311900 
 C                 -1.55604100   -1.36682000    0.08644200 
 C                 -2.22650700   -0.95075100   -1.09697700 
 C                 -2.11320600   -0.91950900    1.31961500 
 C                 -3.35500600   -0.13507400   -1.04032100 
 H                 -1.86811000   -1.29443300   -2.06191700 
 C                 -3.23859200   -0.10617000    1.35712900 
 H                 -1.65355500   -1.24902200    2.24844700 
 C                 -3.88412900    0.30650000    0.17946100 
 H                 -3.84008100    0.15901500   -1.96879800 
 H                 -3.63405600    0.20862500    2.32075000 
 C                  4.56121700   -1.39451000    0.40545700 
 H                  5.10782000   -0.68453900   -0.21982900 
 H                  4.82584600   -1.19798700    1.45145700 
 H                  4.84904200   -2.41949900    0.16473000 
 C                  1.15534800    4.47100500   -0.26540400 
 H                  0.09431500    4.71729300   -0.30795700 
 H                  1.61930700    4.95592100    0.59984600 
 H                  1.66370200    4.84597400   -1.15993400 
 H                  2.69489800    1.62344000   -0.04642400 
 C                 -5.09202100    1.21114400    0.22937600 
 H                 -5.72473500    0.98993200    1.09656700 
 H                 -4.79784600    2.26715100    0.30593800 
 H                 -5.70636300    1.11005300   -0.67179600 
 C                 -0.23172500   -3.23214700   -1.10479400 
 H                 -1.10951700   -3.88909900   -1.18672200 
 H                 -0.12095200   -2.70479500   -2.05856900 
 H                  0.65266500   -3.86569300   -0.98444500 
 H                 -0.30923200   -2.80565600    1.02998100 
 
 
p-Ethyltoluene Oxidative Addition (ethyl) 
 
E: -705.717923 
H: -705.716978 
G: -705.785877 
Thermal Correction to Enthalpy: 0.260939 
Thermal Correction to Gibbs Free Energy: 0.192041 
SPE: -705.756998 
 
0 1 
 Pd                 0.88638000   -0.69005900    0.03555000 
 O                  2.29417800    0.92533600   -0.48585800 
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 C                  3.41571800    1.16673200   -0.07790700 
 O                  3.99891200    0.34534000    0.81164700 
 C                  4.21354700    2.36828200   -0.53107200 
 H                  5.14813000    2.04927400   -1.00817500 
 H                  3.62627900    2.94696300   -1.24388200 
 H                  4.47081400    3.00364300    0.32497500 
 H                  4.89044500    0.66011000    1.03784700 
 C                 -2.11209200   -0.12319400    1.34929300 
 C                 -2.95954400    0.97481800    1.25258200 
 C                 -3.40643100    1.44497100    0.00770700 
 C                 -2.96986100    0.76244900   -1.13336700 
 C                 -2.11658500   -0.33803100   -1.04541600 
 C                 -1.65904300   -0.81077300    0.20165200 
 H                 -1.79303100   -0.47097100    2.32949600 
 H                 -3.29132700    1.47265500    2.16213100 
 H                 -3.30638400    1.09386400   -2.11402500 
 H                 -1.81133900   -0.84332300   -1.95668600 
 C                 -0.78111800   -2.02619200    0.34431500 
 H                  0.78917400   -2.18269600    0.56433800 
 H                 -0.91829900   -2.42961700    1.35086700 
 C                 -4.31048000    2.65161900   -0.09187600 
 H                 -3.74912200    3.58859600    0.02956500 
 H                 -4.81166500    2.69711000   -1.06482100 
 H                 -5.08488000    2.64036700    0.68446100 
 C                 -0.99902400   -3.13374200   -0.68953100 
 H                 -0.38617600   -4.00899500   -0.45095700 
 H                 -2.05397500   -3.44371600   -0.70439500 
 H                 -0.72736900   -2.81762000   -1.70064000 
 
 
2-Methylnapthalene 
 
E: -425.027148 
H: -425.026204 
G: -425.069204 
Thermal Correction to Enthalpy: 0.184989 
Thermal Correction to Gibbs Free Energy: 0.141989 
SPE: -424.9778912 
 
0 1 
 C                 -2.70357200   -1.05106900    0.00000900 
 C                 -1.40732500   -1.51657300    0.00000900 
 C                 -0.30924500   -0.61526100   -0.00000300 
 C                 -0.57341500    0.79217500   -0.00001600 
 C                 -1.92060900    1.24063700   -0.00000400 
 C                 -2.96364600    0.34114800    0.00000800 
 H                  1.22875300   -2.13468600    0.00000600 
 H                 -3.53374600   -1.75245700    0.00002100 
 H                 -1.20652700   -2.58559700    0.00001400 
 C                  1.03997500   -1.06266300   -0.00002900 
 C                  0.53125200    1.68675700    0.00000200 
 H                 -2.11563600    2.31077100    0.00000100 
 H                 -3.99059800    0.69656100    0.00002600 
 C                  1.82232600    1.21600300    0.00000500 
 C                  2.10042100   -0.18074400   -0.00006300 
 H                  0.33828700    2.75730300    0.00003000 
 H                  2.65336300    1.91815800    0.00005400 
 C                  3.53185900   -0.66083700    0.00003300 
 H                  4.07505400   -0.29685400   -0.88151600 
 H                  4.07498900   -0.29682700    0.88161100 
 H                  3.58792600   -1.75381100    0.00004900 
 
 
2-Methylnapthalene CMD 
 
E: -1009.199152 
H: -1009.198208 
G: -1009.276681 
Thermal Correction to Enthalpy: 0.307883  
Thermal Correction to Gibbs Free Energy: 0.22941 
SPE: -1009.193206 
 
0 2 
 Pd                 0.76787400   -0.23086000   -0.08223000 
 H                  1.84647400   -2.06863100   -0.24331800 
 C                  0.42675700   -2.50257500   -0.33428700 
 H                  0.45760800   -2.85282900   -1.36995800 
 H                  0.64779700   -3.32533400    0.35347300 
 O                  0.59107300    2.03621500    0.11479600 
 C                  1.45150800    2.90927000    0.22279100 
 O                  2.75728300    2.68979800    0.23053600 
 O                  3.03869100    0.05254800   -0.01827500 
 C                  3.66566700   -1.03887800   -0.12733900 
 O                  3.09235600   -2.17243900   -0.24736700 
 C                 -0.84899200   -1.82266600    0.01075000 
 C                 -1.57659600   -1.08901900   -0.94535800 
 C                 -1.38928100   -1.89264600    1.34563900 
 C                 -2.79864900   -0.43397300   -0.62227000 
 H                 -1.24383900   -1.08670200   -1.98100800 
 C                 -2.56484100   -1.27288100    1.67414200 
 H                 -0.84307000   -2.46301300    2.09251400 
 C                 -3.30944800   -0.52599700    0.71220400 
 H                 -2.95397300   -1.34851300    2.68719500 
 C                  5.17890000   -1.02020900   -0.10074100 
 H                  5.58697700   -2.00408700   -0.33546800 
 H                  5.55033400   -0.27741500   -0.81334000 
 H                  5.51533800   -0.71518800    0.89652800 
 C                  1.10083800    4.36865000    0.36460400 
 H                  1.49276100    4.75087500    1.31317600 
 H                  1.57368100    4.94357100   -0.43832100 
 H                  0.01875900    4.49580600    0.33047100 
 H                  2.95747800    1.71698200    0.13826000 
 C                 -4.53254500    0.11350800    1.02850200 
 C                 -3.54306300    0.29289900   -1.58819500 
 C                 -4.73236800    0.90492900   -1.25084500 
 C                 -5.23307700    0.81664800    0.06887600 
 H                 -4.91399600    0.04055400    2.04461100 
 H                 -6.17087200    1.30244200    0.32417000 
 H                 -5.29005000    1.45822600   -2.00184400 
 H                 -3.15769300    0.36148700   -2.60291200 
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2-Methylnapthalene Oxidative Addition 
 
E: -780.742226 
H: -780.741282 
G: -780.808793 
Thermal Correction to Enthalpy: 0.251159 
Thermal Correction to Gibbs Free Energy: 0.183648 
SPE: -780.7347106 
 
0 1 
 Pd                 1.57316300   -0.79270400   -0.28623700 
 O                  2.61099000    1.14640800   -0.24342900 
 C                  3.70071300    1.46975000    0.19329900 
 O                  4.50907600    0.54217000    0.73294400 
 C                  4.20943400    2.89260200    0.15767700 
 H                  5.13758500    2.95270400   -0.42344400 
 H                  3.45766500    3.53589500   -0.29934800 
 H                  4.42192500    3.24996400    1.17242100 
 H                  5.34279100    0.94304400    1.03191600 
 C                 -1.32230000   -1.44373300    1.35290800 
 C                 -2.36775500   -0.65476800    1.76380700 
 C                 -3.10659000    0.13122400    0.83580500 
 C                 -2.73209500    0.07765600   -0.54711200 
 C                 -1.64754900   -0.74836000   -0.93925300 
 C                 -0.93084700   -1.50821500   -0.02200500 
 H                 -0.77222800   -2.03919600    2.07758200 
 H                 -2.64956100   -0.62575400    2.81433600 
 H                 -1.37938700   -0.78990300   -1.99304600 
 C                  0.18600000   -2.41162300   -0.44546900 
 H                  0.12010500   -2.70386600   -1.49528600 
 H                  1.75764200   -2.36244800   -0.25913700 
 H                  0.21535200   -3.31207700    0.17277000 
 C                 -4.19402200    0.95472500    1.22555400 
 C                 -3.47074500    0.85488800   -1.48171200 
 C                 -4.52196700    1.64559100   -1.07199700 
 C                 -4.88893500    1.69782700    0.29515100 
 H                 -4.47248300    0.98954800    2.27677800 
 H                 -5.72053500    2.32437000    0.60661000 
 H                 -5.07571800    2.23350700   -1.79957400 
 H                 -3.18924200    0.81460300   -2.53170200 
 
 
p-Fluorotoluene 
E: -370.672766 
H: -370.671822 
G: -370.711995 
Thermal Correction to Enthalpy: 0.128099 
Thermal Correction to Gibbs Free Energy: 0.087926 
SPE: -370.6563069 
 
0 1 
 C                 -2.87408700   -0.00004600    0.01254400 
 H                 -3.28252200    0.89353400   -0.47137500 
 H                 -3.28293000   -0.87696300   -0.50082900 
 H                 -3.25917700   -0.01730600    1.04098900 
 C                 -1.36257400    0.00020500   -0.01080700 
 C                 -0.64114500    1.20173600   -0.00971500 
 C                 -0.64124900   -1.20157300   -0.00971200 
 C                  0.75399000    1.21369000   -0.00138400 
 H                 -1.17771900    2.14766900   -0.01720500 
 C                  0.75373600   -1.21367000   -0.00138500 
 H                 -1.17793800   -2.14746100   -0.01722300 
 C                  1.43001400    0.00002100    0.00363600 
 H                  1.31642700    2.14177600   -0.00343900 
 H                  1.31612300   -2.14179000   -0.00344400 
 F                  2.78173600   -0.00018300    0.00816300 
 
 
p-Fluorotoluene CMD 
 
E: -954.845997 
H: -954.845053 
G: -954.919543 
Thermal Correction to Enthalpy: 0.250989 
Thermal Correction to Gibbs Free Energy: 0.1765 
SPE: -954.8698776 
 
0 2 
 Pd                 0.29340800   -0.20370100    0.00055200 
 H                  1.04184900   -2.14551900   -0.00382900 
 C                 -0.42043000   -2.36762200   -0.00231700 
 H                 -0.37861600   -2.99302100   -0.89943400 
 H                 -0.37809800   -2.99497000    0.89340500 
 O                  0.39874500    2.05753200    0.00233600 
 C                  1.37375700    2.81008200   -0.00030800 
 O                  2.63623900    2.41502300   -0.00329200 
 O                  2.57926000   -0.24565700   -0.00182400 
 C                  3.02086300   -1.43085800   -0.00622600 
 O                  2.27079500   -2.46140200   -0.00809800 
 C                 -1.61715500   -1.47411900   -0.00108100 
 C                 -2.22376900   -1.04300600   -1.21402800 
 C                 -2.22379100   -1.04630200    1.21300800 
 C                 -3.35053400   -0.22571400   -1.21546700 
 H                 -1.80481400   -1.37941400   -2.15848000 
 C                 -3.35057600   -0.22903400    1.21664800 
 H                 -1.80490000   -1.38532300    2.15655500 
 C                 -3.89832600    0.17054700    0.00112800 
 H                 -3.81099500    0.10154100   -2.14202700 
 H                 -3.81108300    0.09566800    2.14408300 
 C                  4.51824200   -1.65213600    0.00790300 
 H                  4.75967800   -2.70441400   -0.14737500 
 H                  4.98962200   -1.03741600   -0.76481800 
 H                  4.91797800   -1.32719400    0.97518100 
 C                  1.22767800    4.31018500   -0.00040500 
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 H                  0.17204800    4.58189900    0.00248200 
 H                  1.72604300    4.72952800    0.87985500 
 H                  1.72099100    4.72888100   -0.88381900 
 H                  2.70495500    1.41967800   -0.00296500 
 F                 -4.99527600    0.95824700    0.00218700 
 
 
p-Fluorotoluene Oxidative Addition 
 
E: -726.390162 
H: -726.389218 
G: -726.452584 
Thermal Correction to Enthalpy: 0.194405 
Thermal Correction to Gibbs Free Energy: 0.131038 
SPE: -726.4130973 
 
0 1 
 Pd                -0.86232800   -0.79236300   -0.00009000 
 O                 -2.20169900    0.95343100   -0.00022400 
 C                 -3.41567900    1.04724100    0.00005800 
 O                 -4.17474000   -0.06114300    0.00045200 
 C                 -4.13545000    2.37648300   -0.00000300 
 H                 -4.77376700    2.46662400    0.88716600 
 H                 -3.40508400    3.18544400   -0.00039400 
 H                 -4.77431600    2.46625700   -0.88681400 
 H                 -5.11954400    0.16794700    0.00064200 
 C                  2.23402500   -0.45625200   -1.20560000 
 C                  3.15843000    0.58685600   -1.21336400 
 C                  3.60755400    1.09563400    0.00007100 
 C                  3.15862300    0.58656700    1.21345800 
 C                  2.23422000   -0.45654000    1.20559300 
 C                  1.74667000   -1.00129900   -0.00002900 
 H                  1.88288800   -0.86364400   -2.15022600 
 H                  3.53591200    1.00315800   -2.14205800 
 H                  3.53625600    1.00264700    2.14219000 
 H                  1.88323400   -0.86415800    2.15017800 
 C                  0.78965900   -2.15962000   -0.00008100 
 H                 -0.75912800   -2.37077300    0.00021500 
 H                  0.91831400   -2.78124700   -0.88860200 
 H                  0.91846400   -2.78139800    0.88831000 
 F                  4.50745300    2.10723400    0.00012100 
 
 
p-Tertbutlytoluene 
 
E: -428.568544 
H: -428.5676 
G: -428.617544 
Thermal Correction to Enthalpy: 0.25399 
Thermal Correction to Gibbs Free Energy: 0.204046  
SPE: -428.5863339 
 
0 1 
 C                 -0.37988600    0.03143900    0.00025900 
 C                  0.34789000   -1.17185600   -0.00295100 
 C                  1.73925600   -1.18561100   -0.00733200 
 C                  2.47770300    0.00622600   -0.00711000 
 C                  1.76082000    1.20458300   -0.00727700 
 C                  0.36304300    1.21790900   -0.00252500 
 H                 -0.17943000   -2.12231200   -0.00536000 
 H                  2.26272600   -2.13987600   -0.01257200 
 H                  2.29963400    2.15002300   -0.01232500 
 H                 -0.14130900    2.17818700   -0.00418400 
 C                 -1.91924100    0.00306700    0.00185900 
 C                  3.98839600   -0.01217200    0.01068800 
 H                  4.37465000   -0.27542300    1.00450400 
 H                  4.39009600   -0.74917000   -0.69461700 
 H                  4.40338300    0.96616200   -0.25291900 
 C                 -2.42331100   -0.72872900   -1.26471200 
 H                 -2.05550500   -1.75899200   -1.31339600 
 H                 -3.51976900   -0.76512600   -1.27554000 
 H                 -2.09122600   -0.21280300   -2.17286800 
 C                 -2.53137000    1.41674800    0.01264800 
 H                 -3.62490700    1.34475400    0.01622900 
 H                 -2.23439700    1.98323600    0.90267900 
 H                 -2.24139800    1.99420500   -0.87261000 
 C                 -2.42079200   -0.74645000    1.25900800 
 H                 -2.08690000   -0.24353100    2.17377100 
 H                 -3.51721000   -0.78276400    1.27134900 
 H                 -2.05349200   -1.77749500    1.29252000 
 
 
p-Tertbutlytoluene CMD 
 
E: -1012.740158 
H: -1012.739214 
G: -1012.824152 
Thermal Correction to Enthalpy: 0.376975 
Thermal Correction to Gibbs Free Energy: 0.292037 
SPE: -1012.800439 
 
0 2 
 Pd                -1.06573800   -0.24124100    0.02527600 
 H                 -2.06597300   -2.06970500    0.00529600 
 C                 -0.64570000   -2.47908100    0.04580700 
 H                 -0.78297900   -3.07048900    0.95640000 
 H                 -0.76545100   -3.11469000   -0.83731000 
 O                 -0.91611400    2.02003400    0.02068900 
 C                 -1.79351100    2.88363400   -0.00031800 
 O                 -3.09429800    2.64410300   -0.02488000 
 O                 -3.34975400    0.00130200   -0.01660700 
 C                 -3.93675000   -1.11819700   -0.03184800 
 O                 -3.32172000   -2.23451600   -0.02181000 
 C                  0.66030900   -1.75910600    0.03857600 
 C                  1.31272300   -1.37795800    1.23936300 
 C                  1.33989800   -1.45213200   -1.17214500 
 C                  2.54763300   -0.73038300    1.22580500 
 H                  0.84643500   -1.62275400    2.19068200 
 C                  2.56975600   -0.80721000   -1.16776900 
 H                  0.89036300   -1.75070000   -2.11615800 
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 C                  3.21224600   -0.42899200    0.02751000 
 H                  2.99543300   -0.46828200    2.17818800 
 H                  3.04420500   -0.60003200   -2.12321500 
 C                 -5.45002500   -1.14930900   -0.06962800 
 H                 -5.84793000   -0.57502200    0.77327100 
 H                 -5.79791800   -0.66494400   -0.98844300 
 H                 -5.82206600   -2.17381200   -0.03109000 
 C                 -1.46797500    4.35575300   -0.00135200 
 H                 -0.38770900    4.49821700    0.02928300 
 H                 -1.88257600    4.82463000   -0.89996600 
 H                 -1.93565200    4.83863700    0.86298600 
 H                 -3.28220300    1.66352600   -0.02412900 
 C                  4.57874200    0.27487200   -0.02197200 
 C                  5.12039000    0.60102100    1.38304500 
 H                  5.26510600   -0.30368900    1.98479400 
 H                  6.09283400    1.09930500    1.29809600 
 H                  4.45105100    1.27346600    1.93174800 
 C                  4.44659900    1.60205100   -0.80732900 
 H                  5.41517100    2.11507700   -0.85719100 
 H                  4.10459500    1.43499000   -1.83419500 
 H                  3.72907700    2.27345100   -0.32186900 
 C                  5.60598500   -0.63950000   -0.73237400 
 H                  5.30085900   -0.87676800   -1.75693700 
 H                  6.58557600   -0.14789000   -0.78193500 
 H                  5.72686600   -1.58561600   -0.19236700 
 
 
p-Tertbutlytoluene Oxidative Addition 
 
E: -784.283467 
H: -784.282523 
G: -784.35632 
Thermal Correction to Enthalpy: 0.320271 
Thermal Correction to Gibbs Free Energy: 0.246474 
SPE: -784.3422846 
 
0 1 
 Pd                -1.89660300   -0.83941500   -0.09179600 
 O                 -2.83873400    1.12616300   -0.35374200 
 C                 -3.89144500    1.58251700    0.05374000 
 O                 -4.71796600    0.81526100    0.78433500 
 C                 -4.33382200    3.00067300   -0.22583700 
 H                 -4.47687300    3.55005700    0.71245200 
 H                 -3.57693300    3.50593200   -0.82559300 
 H                 -5.28673900    3.00491200   -0.76868600 
 H                 -5.51724800    1.30965600    1.03308200 
 C                  1.16333600   -1.11272600   -1.21675600 
 C                  2.30024300   -0.30304300   -1.20317600 
 C                  2.94580900    0.04130000   -0.00745700 
 C                  2.39193800   -0.47385100    1.17916900 
 C                  1.26087600   -1.28206200    1.17341300 
 C                  0.60954900   -1.62274600   -0.02898000 
 H                  0.69835600   -1.36319800   -2.16766200 
 H                  2.68219700    0.05636700   -2.15298600 
 H                  2.85638100   -0.24424800    2.13505600 
 H                  0.86870700   -1.66300100    2.11390500 
 C                 -0.58454800   -2.53033500   -0.04269900 
 H                 -0.54868000   -3.23278400    0.79329900 
 H                 -2.12231200   -2.36392300    0.26185700 
 H                 -0.66865000   -3.09391300   -0.97429300 
 C                  4.20116500    0.92943600    0.04822900 
 C                  3.91017900    2.18418200    0.90582800 
 H                  3.62182100    1.91941900    1.92853100 
 H                  4.79940100    2.82483600    0.96441800 
 H                  3.09401500    2.77275400    0.47104300 
 C                  4.64930000    1.40026000   -1.34875100 
 H                  5.54268300    2.02914100   -1.25803100 
 H                  4.90341700    0.55698900   -2.00106700 
 H                  3.87486800    1.99552800   -1.84608600 
 C                  5.36863500    0.13719900    0.68443600 
 H                  6.27081400    0.75968400    0.73985100 
 H                  5.12914600   -0.19379800    1.70062200 
 H                  5.60569900   -0.75354500    0.09122000 
 
 
Ethylbenzene 
 
E: -310.715494 
H: -310.71455 
G: -310.754839 
Thermal Correction to Enthalpy: 0.165701 
Thermal Correction to Gibbs Free Energy: 0.125411 
SPE: -310.7069945 
 
0 1 
 C                  0.43500300   -0.00038300   -0.32772700 
 C                 -0.26997500    1.20243200   -0.18459700 
 C                 -1.63708000    1.20606900    0.09553000 
 C                 -2.32633800    0.00038900    0.23755100 
 C                 -1.63766700   -1.20564600    0.09600800 
 C                 -0.27053100   -1.20277100   -0.18414000 
 H                  0.25872100    2.14681800   -0.29879100 
 H                 -2.16487000    2.15094600    0.19811300 
 H                 -3.39173400    0.00069800    0.45215400 
 H                 -2.16587100   -2.15025000    0.19896900 
 H                  0.25769100   -2.14746800   -0.29795500 
 C                  1.92636200   -0.00070700   -0.59221100 
 H                  2.19269300    0.87782100   -1.19365700 
 H                  2.19261000   -0.88042400   -1.19194700 
 C                  2.76312800    0.00051500    0.69996100 
 H                  2.54382700   -0.88312100    1.30983500 
 H                  3.83558200    0.00024800    0.47287500 
 H                  2.54393800    0.88534600    1.30814900 
 
 
Ethylbenzene CMD 
 
E: -894.886531 
H: -894.885586 
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G: -894.961423 
Thermal Correction to Enthalpy: 0.28838 
Thermal Correction to Gibbs Free Energy: 0.212544  
SPE: -894.9204459 
 
0 2 
 Pd                 0.05420300   -0.01616200   -0.02057200 
 H                  0.34691800   -2.03968000    0.22108100 
 C                 -1.15031900   -1.97134000    0.10178100 
 H                 -1.22362400   -2.50398400    1.05766300 
 O                  0.70292300    2.15897100   -0.15144500 
 C                  1.82422800    2.66648700   -0.14872900 
 O                  2.96131500    1.99188400   -0.08528000 
 O                  2.28553100   -0.58358300    0.00106300 
 C                  2.43294900   -1.81785900    0.22049400 
 O                  1.45683300   -2.63081600    0.34958200 
 C                 -2.08038800   -0.79979300    0.12441300 
 C                 -2.63826800   -0.23292500   -1.05601800 
 C                 -2.48069400   -0.22510900    1.36592500 
 C                 -3.52502800    0.84133300   -0.99059200 
 H                 -2.38639100   -0.65896500   -2.02174100 
 C                 -3.36567100    0.84653500    1.41815800 
 H                 -2.09704600   -0.65858800    2.28644700 
 C                 -3.89680600    1.38589800    0.24083300 
 H                 -3.93433900    1.24998300   -1.91103100 
 H                 -3.65226500    1.25759100    2.38281000 
 H                 -4.59383200    2.21800000    0.28469200 
 C                  3.82723300   -2.40113600    0.30348400 
 H                  4.10762800   -2.78362100   -0.68523000 
 H                  4.54915900   -1.63528300    0.59455300 
 H                  3.84985600   -3.23732100    1.00577300 
 C                  2.03071100    4.15813800   -0.21931800 
 H                  2.58373900    4.49637200    0.66326300 
 H                  2.63592300    4.40627000   -1.09750600 
 H                  1.06728700    4.66520000   -0.27344400 
 H                  2.79451300    1.00950200   -0.04446200 
 C                 -1.28559600   -2.94044100   -1.07543400 
 H                 -1.04978600   -2.46349500   -2.03298000 
 H                 -0.59406400   -3.78054700   -0.95733200 
 H                 -2.30392900   -3.34836200   -1.14761300 
 
 
Ethylbenzene Oxidative Addition 
 
E: -666.430364 
H: -666.42942 
G: -666.49337 
Thermal Correction to Enthalpy: 0.231459 
Thermal Correction to Gibbs Free Energy: 0.167509 
SPE: -666.4624728 
 
0 1 
 Pd                 0.47924900   -0.73491100   -0.01319800 
 O                  2.29074100    0.31127500    0.69470700 
 C                  3.29294100    0.64388100    0.08775000 
 O                  3.42678500    0.32877100   -1.21229800 
 C                  4.42888000    1.40504100    0.73196500 
 H                  4.59322300    2.35965100    0.21774900 
 H                  4.19079500    1.59698100    1.77805500 
 H                  5.35840500    0.82565700    0.67426400 
 H                  4.27802200    0.64672100   -1.55800600 
 C                 -2.32388600    0.29902600    1.06003000 
 C                 -2.84380300    1.58122700    1.24315700 
 C                 -3.03327200    2.43425600    0.15455300 
 C                 -2.69622400    1.98680000   -1.12713100 
 C                 -2.18069700    0.70742200   -1.31382400 
 C                 -1.97557800   -0.17086500   -0.22554400 
 H                 -2.19451200   -0.35015900    1.92047900 
 H                 -3.10568400    1.91208800    2.24547000 
 H                 -3.44125300    3.43089400    0.30020700 
 H                 -2.84577600    2.63563100   -1.98700500 
 H                 -1.93159600    0.36547800   -2.31592700 
 C                 -1.45648300   -1.56267400   -0.46961900 
 H                 -1.66087000   -1.82775500   -1.50985700 
 H                  0.03565200   -2.09877900   -0.69758700 
 C                 -1.99058100   -2.65537800    0.45869400 
 H                 -3.08981400   -2.67681600    0.43507300 
 H                 -1.62067200   -3.63767000    0.14796400 
 H                 -1.67935800   -2.50878500    1.49678400 
 
 
p-Methylanisole 
 
E: -385.918909 
H: -385.917965 
G: -385.96211 
Thermal Correction to Enthalpy: 0.170816 
Thermal Correction to Gibbs Free Energy: 0.126672 
SPE: -385.908172 
 
0 1 
 C                 -3.33269500   -0.29661300    0.00005900 
 H                 -3.79988400    0.16103800   -0.88136900 
 H                 -3.59671800   -1.35919100   -0.00068200 
 H                 -3.79958700    0.15970800    0.88234100 
 C                 -1.83398200   -0.10243400   -0.00003400 
 C                 -1.27330000    1.18650000   -0.00003100 
 C                 -0.95520200   -1.18629400   -0.00004400 
 C                  0.10104900    1.38027000   -0.00001400 
 H                 -1.92893800    2.05500000   -0.00005300 
 C                  0.43401600   -1.01408800   -0.00002400 
 H                 -1.35534200   -2.19797000   -0.00007300 
 C                  0.96813200    0.27698800    0.00000200 
 H                  0.53070300    2.37743300   -0.00002100 
 H                  1.07707600   -1.88695900   -0.00004600 
 C                  3.22461600   -0.50522200    0.00002700 
 H                  3.11388100   -1.13340300   -0.89432700 
 H                  4.21783400   -0.05188500    0.00005800 
 H                  3.11383400   -1.13342800    0.89435800 
 O                  2.30391700    0.57187700    0.00002100 
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p-Methylanisole CMD 
 
E: -970.091725 
H: -970.09078 
G: -970.169727 
Thermal Correction to Enthalpy: 0.293733 
Thermal Correction to Gibbs Free Energy: 0.214786 
SPE: -970.1229412 
 
0 2 
 Pd                 0.58459900   -0.21869000    0.02271200 
 H                  1.49120800   -2.08556600    0.06546300 
 C                  0.04400700   -2.42079500    0.06150300 
 H                  0.17514800   -3.09453100   -0.79137300 
 H                  0.10168200   -2.98719400    0.99617800 
 O                  0.53649300    2.05024200   -0.02023100 
 C                  1.45438700    2.86977400   -0.05517900 
 O                  2.74266600    2.56779400   -0.05000200 
 O                  2.88238200   -0.08290300    0.05617300 
 C                  3.40860200   -1.23156400    0.07704000 
 O                  2.73571700   -2.31472800    0.08443400 
 C                 -1.22274100   -1.63639100   -0.04268200 
 C                 -1.82150600   -1.34719400   -1.30322300 
 C                 -1.92278400   -1.18922500    1.10737300 
 C                 -3.01584800   -0.65317300   -1.39863000 
 H                 -1.33174200   -1.69786700   -2.20803300 
 C                 -3.12595100   -0.48804100    1.01660700 
 H                 -1.52054200   -1.42344900    2.08972200 
 C                 -3.68102000   -0.21554600   -0.23984500 
 H                 -3.46452600   -0.43858600   -2.36372100 
 H                 -3.62006800   -0.16847900    1.92712900 
 C                  4.91853200   -1.34320100    0.10265100 
 H                  5.34008200   -0.78797200   -0.74144100 
 H                  5.29823900   -0.88067400    1.02019000 
 H                  5.23585800   -2.38581200    0.05929500 
 C                  1.20097700    4.35512900   -0.10979900 
 H                  1.65632000    4.77410600   -1.01330500 
 H                  0.12847400    4.55009100   -0.10771900 
 H                  1.67367300    4.84303100    0.74902200 
 H                  2.88305500    1.58021300   -0.01150700 
 O                 -4.85326900    0.45250400   -0.44704300 
 C                 -5.56729500    0.92100400    0.68415200 
 H                 -6.45505700    1.42157400    0.29283800 
 H                 -5.87698300    0.09476500    1.33835900 
 H                 -4.97442500    1.63814700    1.26771400 
 
 
p-Methylanisole Oxidative Addition 
 
E: -741.634505 
H: -741.63356 
G: -741.701533 
Thermal Correction to Enthalpy: 0.237072 
Thermal Correction to Gibbs Free Energy: 0.169099 
SPE: -741.6638266 
 
0 1 
 Pd                -1.29381600   -0.81111800    0.19564400 
 O                 -2.48954600    1.02883800    0.35039300 
 C                 -3.56594100    1.33169300   -0.13142000 
 O                 -4.24242800    0.44162200   -0.87710600 
 C                 -4.20322600    2.68767000    0.06999100 
 H                 -5.17791400    2.58389300    0.56193500 
 H                 -3.55337100    3.30658300    0.68847800 
 H                 -4.36272000    3.18382600   -0.89494500 
 H                 -5.08245400    0.81993600   -1.18752400 
 C                  1.88955100   -1.12482100   -1.21844000 
 C                  2.93509800   -0.23350400   -1.41222600 
 C                  3.45552800    0.49433800   -0.33131900 
 C                  2.90915000    0.31059500    0.94303300 
 C                  1.85411300   -0.58884100    1.12229800 
 C                  1.31584100   -1.32720400    0.05508300 
 H                  1.50286700   -1.68391600   -2.06735000 
 H                  3.37381600   -0.08645600   -2.39475200 
 H                  3.29347800    0.85223900    1.80036900 
 H                  1.44550900   -0.72781800    2.12044100 
 C                  0.21658100   -2.32701500    0.26481100 
 H                 -1.32300700   -2.36628600   -0.08502000 
 H                  0.31118200   -3.15363700   -0.44364600 
 H                  0.20897200   -2.73829800    1.27671700 
 O                  4.48928500    1.34402000   -0.62626900 
 C                  5.05477900    2.09436700    0.43164700 
 H                  5.48354200    1.44481000    1.20745500 
 H                  5.85134600    2.69354600   -0.01473700 
 H                  4.31695800    2.76349700    0.89607700 
 
 
m-Xylene 
 
E: -310.720627 
H: -310.719683 
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G: -310.762638 
Thermal Correction to Enthalpy: 0.16491 
Thermal Correction to Gibbs Free Energy: 0.121955  
SPE: -310.7107344 
 
0 1 
 C                  0.00582900    1.82404400   -0.00130300 
 C                  1.21121800    1.12755700   -0.00456200 
 C                  1.22181600   -0.27562800   -0.00080800 
 C                 -0.00280200   -0.94875400    0.00526100 
 C                 -1.22802400   -0.26533200    0.00626000 
 C                 -1.20817000    1.13227700    0.00486900 
 H                  0.00803600    2.91126400   -0.00119500 
 H                  2.15308300    1.67227600   -0.00755400 
 H                 -0.00597200   -2.03785700    0.01032100 
 H                 -2.14589800    1.68337700    0.00946200 
 C                  2.52931200   -1.03458100   -0.00041700 
 H                  3.13498700   -0.78918500    0.88107900 
 H                  2.36427400   -2.11668000    0.00025100 
 H                  3.13464000   -0.79017200   -0.88240400 
 C                 -2.53184600   -1.03044700   -0.00528200 
 H                 -2.70179100   -1.51663100   -0.97496300 
 H                 -2.54103100   -1.82047400    0.75505500 
 H                 -3.38431800   -0.37073300    0.18583400 
 
 
m-Xylene CMD 
 
E: -894.89415 
H: -894.893206 
G: -894.970831 
Thermal Correction to Enthalpy: 0.287711 
Thermal Correction to Gibbs Free Energy: 0.210087 
SPE: -894.9245866 
 
0 2 
 Pd                 0.23635800   -0.19293300   -0.08283900 
 H                  0.87157400   -2.17350300    0.06153900 
 C                 -0.59844300   -2.31480300   -0.06888000 
 H                 -0.49770000   -2.99676000   -0.91905300 
 H                 -0.68563300   -2.88241700    0.86271000 
 O                  0.49353700    2.06247700   -0.13588400 
 C                  1.51119800    2.75279100   -0.07528000 
 O                  2.74138700    2.28199600    0.04994500 
 O                  2.50942600   -0.36529200    0.13665200 
 C                  2.87712700   -1.57147700    0.22739000 
 O                  2.06981300   -2.55759500    0.19571100 
 C                 -1.72841300   -1.35837100   -0.25217700 
 C                 -2.17030700   -0.97250000   -1.54709700 
 C                 -2.42583300   -0.81671900    0.86266800 
 C                 -3.23700100   -0.09152800   -1.69932400 
 H                 -1.67865400   -1.39545500   -2.41935000 
 C                 -3.49230000    0.07343100    0.71301400 
 H                 -2.12638200   -1.12840500    1.86121300 
 C                 -3.89794500    0.42705300   -0.58292600 
 H                 -3.56556700    0.18542500   -2.69788600 
 H                 -4.73542500    1.10772100   -0.71669900 
 C                  4.35345700   -1.87885000    0.36057600 
 H                  4.51241600   -2.92589400    0.62206700 
 H                  4.84844200   -1.66742400   -0.59424900 
 H                  4.80197600   -1.22622900    1.11526600 
 C                  1.46341200    4.25817100   -0.14140300 
 H                  0.42972800    4.59468000   -0.22198400 
 H                  1.92965000    4.68329500    0.75340600 
 H                  2.03895100    4.60710600   -1.00535400 
 H                  2.74497600    1.28485700    0.09026400 
 C                 -4.18484000    0.65702600    1.92350400 
 H                 -5.25909600    0.78344600    1.74834800 
 H                 -4.05772800    0.02031600    2.80539900 
 H                 -3.77796900    1.64612500    2.17316100 
 
 
m-Xylene Oxidative Addition 
 
E: -666.437623 
H: -666.436679 
G: -666.502443 
Thermal Correction to Enthalpy: 0.231142 
Thermal Correction to Gibbs Free Energy: 0.165377 
SPE: -666.4670086 
 
0 1 
 Pd                 0.79397500   -0.78895300   -0.10765400 
 O                  2.24852400    0.78060300    0.39504200 
 C                  3.41321700    0.93569900    0.07599700 
 O                  4.02160400    0.02936700   -0.70759100 
 C                  4.23629300    2.12144100    0.52524800 
 H                  4.60238300    2.68486400   -0.34147200 
 H                  3.62348700    2.77516900    1.14570100 
 H                  5.10632700    1.78677100    1.10294500 
 H                  4.94489000    0.28339500   -0.87526000 
 C                 -2.08728200   -0.66553700    1.44317000 
 C                 -2.94578600    0.36456400    1.82347700 
 C                 -3.54624600    1.17954900    0.86283400 
 C                 -3.29100400    0.96934700   -0.50047000 
 C                 -2.43269700   -0.06970500   -0.86934600 
 C                 -1.81051200   -0.90249300    0.08215700 
 H                 -1.63244000   -1.30367000    2.19689000 
 H                 -3.15567100    0.52759000    2.87805700 
 H                 -4.21943400    1.97738000    1.16888700 
 H                 -2.23805500   -0.24842200   -1.92538800 
 C                 -0.92931700   -2.04022200   -0.34547100 
 H                 -1.22226500   -2.41556000   -1.32852400 
 H                  0.57656900   -2.21326900   -0.75931600 
 H                 -0.94672400   -2.86465900    0.37029800 
 C                 -3.91926600    1.86069600   -1.54857700 
 H                 -4.94470800    2.13778000   -1.27810200 
 H                 -3.35372100    2.79477600   -1.66907500 
 H                 -3.94890400    1.36989900   -2.52725900 
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  2.27 
E: -689.75554 
H: -689.75459 
G: -689.80672 
Thermal Correction to Enthalpy: 0.215667 
Thermal Correction to Gibbs Free Energy: 0.16354 
SPE uM06: -689.6741 
SPE uM062x: -689.8905562 
 
0 1 
 C                 -3.31099600    0.17226200    0.65586000 
 C                 -2.04566000    0.58076000    0.26687900 
 C                 -1.19021600   -0.20685600   -0.50308900 
 C                 -1.60851400   -1.46879600   -0.91085100 
 C                 -2.88262200   -1.91165700   -0.53385900 
 C                 -3.71944000   -1.10011200    0.23863300 
 H                 -3.94751700    0.81462300    1.25477900 
 H                 -0.95647800   -2.10221000   -1.50599600 
 H                 -3.22354300   -2.89483400   -0.84460700 
 H                 -4.70461600   -1.45951000    0.52219700 
 C                  0.07489700    0.57774500   -0.73770800 
 H                  0.16502100    0.86762200   -1.79413900 
 C                 -0.22619800    1.88875900    0.03032700 
 O                  0.46256200    2.85942000    0.15648100 
 O                 -1.49322100    1.80949300    0.59053300 
 C                  1.39812900   -0.03732500   -0.29932400 
 C                  2.58951700    0.42423400   -0.87277000 
 C                  1.45949000   -1.02158600    0.69370800 
 C                  3.81920800   -0.09192400   -0.46597200 
 H                  2.55260100    1.19697400   -1.63621800 
 C                  2.69051900   -1.53980200    1.09946500 
 H                  0.54364200   -1.38848700    1.14752000 
 C                  3.87326500   -1.07768500    0.52134700 
 H                  4.73460000    0.27531800   -0.92204900 
 H                  2.72251000   -2.30569900    1.86982600 
 H                  4.83078500   -1.48319300    0.83670500 
 
  2.27 
monomer 
E: -689.14945 
H: -689.14851 
G: -689.19978 
Thermal Correction to Enthalpy: 0.203103 
Thermal Correction to Gibbs Free Energy: 0.15183 
SPE uM06: -689.05178 
SPE uM062x: -689.2630894 
 
0 2 
 C                  3.55022600    0.25359700    0.04601500 
 C                  2.21346600    0.60657700    0.06261700 
 C                  1.15391600   -0.33301600   -0.03627100 
 C                  1.48720900   -1.69553800   -0.20312100 
 C                  2.82682800   -2.06581100   -0.22217500 
 C                  3.84726000   -1.10738700   -0.09072900 
 H                  4.32542400    1.00770700    0.12837900 
 H                  0.71567000   -2.44429300   -0.34066000 
 H                  3.09074400   -3.11144600   -0.34990800 
 H                  4.88575700   -1.42520500   -0.10845400 
 C                 -0.05839200    0.41877700    0.01112600 
 C                  0.34440700    1.83363400    0.10958400 
 O                 -0.30238500    2.85503600    0.16296300 
 O                  1.75034100    1.88632900    0.15724900 
 C                 -1.43728900   -0.02158200    0.00903600 
 C                 -2.48172800    0.85627000   -0.37186200 
 C                 -1.78571200   -1.33776600    0.39475600 
 C                 -3.80154000    0.42086600   -0.39077900 
 H                 -2.23837600    1.87383300   -0.65075600 
 C                 -3.10910400   -1.76196500    0.37856600 
 H                 -1.01716900   -2.01242500    0.75406900 
 C                 -4.12449400   -0.88843400   -0.02199700 
 H                 -4.58582600    1.10843200   -0.69546700 
 H                 -3.35189100   -2.77447700    0.68951200 
 H                 -5.15830700   -1.22237800   -0.03701200 
 
 2.27 dimer 
E: -1378.310401 
H: -1378.309456 
G: -1378.387164 
Thermal Correction to Enthalpy: 0.410612 
Thermal Correction to Gibbs Free Energy: 0.332905 
SPE uM062x: -1378.582317 
 
0 1 
 C                  3.60444700    1.78435400    1.30297600 
 C                  2.29426500    1.34627900    1.21870600 
 C                  1.59577400    1.17546100    0.02578900 
 C                  2.26804100    1.43877300   -1.16886400 
 C                  3.59499500    1.88272700   -1.12166100 
 C                  4.25487600    2.05996700    0.09678900 
 H                  4.09176200    1.89778400    2.26533100 
 H                  1.77420900    1.28414900   -2.11925700 
 H                  4.11741600    2.08815300   -2.05146700 
 H                  5.28414900    2.40705000    0.11191900 
 C                  0.31254200    0.56527200    1.91737400 
 O                 -0.49249100    0.16541700    2.71641600 
 O                  1.54196300    1.00945100    2.33184700 
 C                 -0.90225400    1.80764400    0.12699100 
 C                 -2.14213300    1.74064600    0.78504800 
 C                 -0.67754500    2.86771200   -0.76280700 
 C                 -3.12662300    2.69989700    0.54689400 
 H                 -2.33207300    0.95281000    1.50267900 
 C                 -1.66502400    3.82430300   -0.99896600 
 H                  0.27195300    2.95550600   -1.27560400 
 C                 -2.89496100    3.74462700   -0.34729200 
 H                 -4.07589900    2.62831400    1.07091800 
 H                 -1.46532700    4.63453500   -1.69495700 
 H                 -3.66262900    4.49169100   -0.53033700 
65 
 
 C                 -0.23482100   -0.67783000   -0.34155300 
 C                 -1.50683600   -1.35234400    0.17952600 
 C                 -2.46550100   -1.30580300   -0.83044100 
 C                  0.17871600    0.71944700    0.37053200 
 C                  0.94217300   -1.67522000   -0.37135800 
 C                  1.46770300   -2.16225000    0.83681900 
 C                  1.49146400   -2.15388300   -1.56839400 
 C                  2.50811500   -3.08940700    0.84752700 
 H                  1.06813800   -1.82619700    1.78704400 
 C                  2.52852500   -3.08951500   -1.55659400 
 H                  1.12641800   -1.79354800   -2.52240600 
 C                  3.04328300   -3.56163500   -0.35146400 
 H                  2.89615200   -3.44412500    1.79851300 
 H                  2.93354000   -3.44410800   -2.50060300 
 H                  3.85174700   -4.28743000   -0.34431000 
 C                 -0.70490800   -0.30125000   -1.78339100 
 O                 -0.08840800    0.23490400   -2.66632300 
 O                 -2.00876500   -0.66788300   -1.97140400 
 C                 -3.72968500   -1.86214000   -0.73702700 
 C                 -4.04011800   -2.51996200    0.45603700 
 H                 -5.02038200   -2.97183700    0.57810400 
 C                 -3.09699000   -2.61075900    1.48348500 
 C                 -1.82718200   -2.03859300    1.35124900 
 H                 -1.12043300   -2.12171500    2.16523900 
 H                 -3.34857200   -3.13439700    2.40093600 
 H                 -4.43058500   -1.79086500   -1.56161800 
 
  2.27 Pd 
Adduct 
 
E: -1044.3427 
H: -1044.34175 
G: -1044.408032 
Thermal Correction to Enthalpy: 0.262567 
Thermal Correction to Gibbs Free Energy: 0.196285  
SPE: -1044.272088 
 
0 1 
 Pd                -0.90481600   -0.43121300   -0.13846600 
 O                 -2.55100900   -1.75847000   -0.68110400 
 C                 -1.97165700   -2.70761200   -0.06105300 
 O                 -0.84320900   -2.49308400    0.49758800 
 C                 -2.60258200   -4.07385500    0.00354700 
 H                 -2.05133600   -4.72091200    0.68847600 
 H                 -3.64473900   -3.98400200    0.32498300 
 H                 -2.60319000   -4.52000100   -0.99731600 
 C                  0.76852100    0.76524500    0.42279000 
 C                  1.11943300    0.47003300    1.85746500 
 C                 -0.28907300    1.71003200    0.07847100 
 C                 -0.82981000    1.63273400   -1.24868500 
 C                 -0.97134600    2.51808700    1.03750200 
 C                 -2.00127600    2.35386900   -1.58022500 
 H                 -0.26417000    1.17302100   -2.05137700 
 C                 -2.09704600    3.22668400    0.67445100 
 H                 -0.59058000    2.55802600    2.05009500 
 C                 -2.62555700    3.14061200   -0.63345700 
 H                 -2.38472700    2.29689500   -2.59443500 
 H                 -2.59120700    3.85409000    1.41091200 
 H                 -3.51835100    3.70251700   -0.89206600 
 O                  2.34886700   -0.17147800    1.87692700 
 O                  0.51252100    0.68817300    2.87527400 
 C                  1.97480600    0.39024200   -0.33614600 
 C                  2.85128800   -0.19338000    0.59335700 
 C                  4.09496900   -0.70002600    0.26068500 
 C                  4.48206400   -0.60407700   -1.08078100 
 C                  3.64349500   -0.00858900   -2.03024200 
 C                  2.38949400    0.49058500   -1.66874300 
 H                  4.73529200   -1.14104900    1.01681700 
 H                  5.45057300   -0.99056700   -1.38435900 
 H                  3.96913100    0.06701800   -3.06337000 
 H                  1.76316400    0.95611100   -2.42202200 
 
 
  2.28a 
 
E: -823.656159 
H: -823.655215 
G: -823.717465 
Thermal Correction to Enthalpy: 0.293706 
Thermal Correction to Gibbs Free Energy: 0.231456  
SPE uM06: -823.5922631 
SPE uM062x: -823.8473833 
 
0 1 
 C                  2.64554100   -0.06000300    0.21894100 
 C                  1.70890300   -1.93227000   -0.98495400 
 C                  2.77260500   -2.72491000   -0.52648400 
 C                  3.75574000   -2.17481300    0.29673800 
 C                  3.70824500   -0.82852000    0.68288500 
 C                  1.23759200    1.71874300   -0.19551800 
 H                  0.93936700   -2.35972700   -1.62257600 
 H                  2.82969400   -3.77042500   -0.81495100 
 H                  4.57542500   -2.79650100    0.64678100 
 H                  4.47729200   -0.40498600    1.32141300 
 C                  0.65950800    0.49359300   -0.95414400 
 H                  0.73270600    0.74569300   -2.02203400 
 C                  1.64583100   -0.59899100   -0.60941500 
 C                  3.19889400    2.17523800    1.27426100 
 H                  3.25134300    1.81115300    2.30733400 
 H                  4.21695200    2.25390400    0.87435500 
 H                  2.72628500    3.15878200    1.25939000 
 O                  0.78872300    2.84879200   -0.17227500 
 N                  2.38795800    1.29746600    0.45724700 
 C                 -0.80748900    0.26423000   -0.62076200 
 C                 -1.22652300   -0.69125300    0.30583100 
 C                 -1.78432500    1.07310400   -1.22458900 
 C                 -2.57883400   -0.85630000    0.62280200 
 H                 -0.49405800   -1.32881200    0.79178400 
 C                 -3.12953400    0.92325700   -0.92000800 
 H                 -1.48083200    1.83778200   -1.93413800 
 H                 -2.86417100   -1.61355100    1.34435700 
 H                 -3.88564300    1.54617500   -1.38766200 
 O                 -4.88331000   -0.12005100    0.23585100 
 C                 -5.35140300   -1.07474900    1.17353800 
 H                 -6.43636700   -0.95803400    1.20457300 
 H                 -5.10642900   -2.09989900    0.86443600 
 H                 -4.93887200   -0.89383300    2.17515200 
 C                 -3.53836700   -0.04634100    0.00795300 
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  2.28a 
monomer 
 
E: -823.049692 
H: -823.048748 
G: -823.109926 
Thermal Correction to Enthalpy: 0.281283 
Thermal Correction to Gibbs Free Energy: 0.220105  
SPE uM06: -822.9693964 
SPE uM062x: -823.2195188 
 
0 2 
 C                  1.64680300   -0.67659600   -0.05076800 
 C                  2.86604000    0.07120800    0.01634200 
 C                  4.11330500   -0.54059700   -0.01622900 
 C                  4.15759600   -1.93418500   -0.13795500 
 C                  2.98018500   -2.69074400   -0.24190600 
 C                  1.73222600   -2.07490300   -0.20630700 
 C                  0.56390500    0.25772200    0.00046200 
 C                  1.17694200    1.60964600    0.06131800 
 H                  5.02695200    0.04291500    0.04193900 
 H                  5.12180900   -2.43424100   -0.16615300 
 H                  3.04313500   -3.76844400   -0.36094100 
 H                  0.83597300   -2.67259200   -0.32729700 
 C                  3.51726400    2.50759000    0.15368700 
 H                  4.14128800    2.43619100    1.05262600 
 H                  4.16782500    2.51552000   -0.72945100 
 H                  2.94207700    3.43456300    0.18672900 
 N                  2.56753600    1.41934800    0.09198800 
 O                  0.64386300    2.71737100    0.09780500 
 C                 -0.86001300    0.02791600    0.03681100 
 C                 -1.40936400   -1.21398800    0.45091900 
 C                 -1.77474300    1.04455700   -0.32790800 
 C                 -2.77417500   -1.43123500    0.47248700 
 H                 -0.75220600   -1.99875600    0.80655200 
 C                 -3.14822500    0.83081100   -0.31455700 
 H                 -1.38728500    2.01160800   -0.62255600 
 C                 -3.66115000   -0.41334200    0.08003100 
 H                 -3.18764000   -2.37853200    0.80431300 
 H                 -3.80950200    1.63629800   -0.61315800 
 O                 -4.98269400   -0.73021900    0.12847500 
 C                 -5.93122500    0.26358200   -0.23506300 
 H                 -5.80210500    0.57932500   -1.27820300 
 H                 -6.91082300   -0.20253100   -0.11680800 
 H                 -5.86382900    1.14136200    0.42007300 
 
 
 
  2.28a 
dimer 
 
E: -1646.112313 
H: -1646.111369 
G: -1646.208607 
Thermal Correction to Enthalpy: 0.566901 
Thermal Correction to Gibbs Free Energy: 0.469663 
SPE uM062x: -1646.497483 
 
 
 
  2.28a Pd 
Adduct 
 
E: -1178.243598 
H: -1178.242654 
G: -1178.321463 
Thermal Correction to Enthalpy: 0.341796 
Thermal Correction to Gibbs Free Energy: 0.262988  
SPE: -1178.194664 
 
0 1 
 Pd                 0.26655400    1.07548300    0.13776900 
 O                 -1.04319800    2.69995500   -0.46425300 
 C                 -0.05242500    3.50652400   -0.48673700 
 O                  1.11107000    3.08772300   -0.19714300 
 C                 -0.28301200    4.95825200   -0.82837200 
 H                  0.64338800    5.41868600   -1.17908900 
 H                 -1.06753900    5.05046000   -1.58403400 
 H                 -0.61734700    5.48909700    0.07095900 
 C                 -0.64599800   -0.81203100    0.36690700 
 C                 -1.40562600   -0.81396400    1.68354500 
 C                  0.78361200   -1.09923000    0.32372000 
 C                  1.61134000   -0.49303400    1.32894100 
 C                  1.43482200   -1.77679700   -0.74580600 
 C                  3.00998200   -0.54572400    1.22341400 
 H                  1.15437000   -0.15201400    2.25209000 
 C                  2.81015000   -1.83763100   -0.82299300 
 H                  0.83490600   -2.28689900   -1.49082900 
 C                  3.61477100   -1.19896900    0.15506900 
 H                  3.63650400   -0.10073400    1.98915500 
 H                  3.26897900   -2.38080000   -1.64121000 
 O                 -0.98251100   -0.63665600    2.81862000 
 C                 -1.65131300   -1.14075200   -0.65935400 
 C                 -2.89858000   -1.26711400   -0.00463400 
 C                 -4.07195600   -1.53746100   -0.69788400 
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 C                 -3.99098900   -1.68009000   -2.08951800 
 C                 -2.77349200   -1.53906900   -2.75915500 
 C                 -1.60018400   -1.25768900   -2.04860100 
 H                 -5.02283100   -1.63151100   -0.18299400 
 H                 -4.89499200   -1.89228700   -2.65360500 
 H                 -2.73632800   -1.63337300   -3.84029300 
 H                 -0.66835100   -1.10435200   -2.58321400 
 N                 -2.73273700   -1.07353900    1.36939300 
 C                 -3.79088000   -1.09300200    2.35710100 
 H                 -4.53676200   -0.31781900    2.14491500 
 H                 -4.28803200   -2.07003200    2.37798800 
 H                 -3.33213600   -0.89952200    3.32801100 
 O                  4.97129700   -1.20535700    0.14097400 
 C                  5.64999000   -1.86177700   -0.92184100 
 H                  5.39970200   -1.41827900   -1.89378000 
 H                  6.71356000   -1.71997500   -0.72450000 
 H                  5.42605000   -2.93605900   -0.94110500 
 
  2.28b 
 
E: -1046.19859 
H: -1046.197646 
G: -1046.263262 
Thermal Correction to Enthalpy: 0.266798 
Thermal Correction to Gibbs Free Energy: 0.201181  
SPE uM06: -1046.133551 
SPE uM062x: -1046.386399 
 
0 1 
 C                  3.24353300   -0.03726600    0.21487600 
 C                  2.32692700   -1.96855300   -0.90998200 
 C                  3.40030000   -2.72873900   -0.42098900 
 C                  4.37796300   -2.13363500    0.37721800 
 C                  4.31600100   -0.77325100    0.70749600 
 C                  1.81885800    1.70966700   -0.26962200 
 H                  1.56376100   -2.43141700   -1.53030600 
 H                  3.46956900   -3.78423300   -0.66669700 
 H                  5.20516400   -2.73093200    0.75082100 
 H                  5.08145500   -0.31479100    1.32571300 
 C                  1.25211800    0.44577300   -0.97588700 
 H                  1.31501600    0.65434800   -2.05327300 
 C                  2.24855900   -0.62195300   -0.58738700 
 C                  3.77922400    2.24744400    1.17105100 
 H                  3.83587900    1.92969600    2.21879900 
 H                  4.79524000    2.31374100    0.76447500 
 H                  3.30062100    3.22635800    1.11369000 
 O                  1.35414600    2.83287100   -0.29634800 
 N                  2.97221400    1.32717600    0.39633600 
 C                 -0.21165300    0.22778600   -0.62263900 
 C                 -1.18426800    1.03196400   -1.23284700 
 C                 -0.61733600   -0.71628900    0.32756900 
 C                 -2.53097400    0.88851800   -0.91258100 
 H                 -0.88007100    1.78611200   -1.95231100 
 C                 -1.96492900   -0.86511000    0.65102900 
 H                  0.12202100   -1.34223100    0.81661200 
 C                 -2.92552100   -0.06482000    0.03004700 
 H                 -3.27463300    1.51935200   -1.38819900 
 H                 -2.26807900   -1.59817400    1.39158100 
 C                 -4.38399000   -0.27263400    0.33060500 
 F                 -4.58307700   -0.68334800    1.60374300 
 F                 -5.10467700    0.85666700    0.15074700 
 F                 -4.93152100   -1.21714700   -0.47251400 
 
 
  2.28b 
monomer 
 
E: -1045.589388 
H: -1045.588444 
G: -1045.654018 
Thermal Correction to Enthalpy: 0.254156 
Thermal Correction to Gibbs Free Energy: 0.188581  
SPE uM06: -1045.507678 
SPE uM062x: -1045.755658 
 
0 2 
 C                  2.19680300   -0.69437900   -0.05644100 
 C                  3.46772500   -0.03594700    0.03469100 
 C                  4.66601500   -0.74041500    0.02210000 
 C                  4.60559700   -2.13219300   -0.10341500 
 C                  3.37591700   -2.80178900   -0.23002200 
 C                  2.17836800   -2.09728600   -0.21440800 
 C                  1.18894400    0.31164100   -0.02015700 
 C                  1.89517100    1.61757800    0.05943600 
 H                  5.62023200   -0.22883300    0.09872800 
 H                  5.52963400   -2.70337200   -0.11684700 
 H                  3.36330000   -3.88077100   -0.35101700 
 H                  1.24025000   -2.62368500   -0.34981100 
 C                  4.29269300    2.34634600    0.20184000 
 H                  4.88949700    2.22407700    1.11321100 
 H                  4.95928200    2.31225400   -0.66806300 
 H                  3.78542300    3.31217000    0.23015800 
 N                  3.26789000    1.32853900    0.11204000 
 O                  1.43622800    2.75609800    0.09280700 
 C                 -0.25407400    0.18372500   -0.01297300 
 C                 -0.88659000   -0.99654500    0.44287200 
 C                 -1.07924500    1.24576500   -0.45531400 
 C                 -2.26941500   -1.12044600    0.43516800 
 H                 -0.28827500   -1.80462900    0.84711200 
 C                 -2.46141600    1.11586900   -0.46654900 
 H                 -0.61736200    2.16632600   -0.78815700 
 C                 -3.06494700   -0.06780000   -0.02813000 
 H                 -2.73518100   -2.03305900    0.79213600 
 H                 -3.07749800    1.93389700   -0.82580600 
 C                 -4.56385400   -0.17877500    0.01087000 
 F                 -5.07305600    0.31599700    1.16421400 
 F                 -4.97712100   -1.46306600   -0.08008400 
 F                 -5.14543500    0.50762200   -0.99810800 
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  2.28b 
dimer 
 
E: -2091.19603 
H: -2091.195086 
G: -2091.299396 
Thermal Correction to Enthalpy: 0.513065  
Thermal Correction to Gibbs Free Energy: 0.408755 
SPE uM062x: -2091.574025 
 
0 1 
 C                 -4.57008400   -0.49825300   -2.10496100 
 C                 -3.20759400   -0.35336600   -1.86394300 
 C                 -2.69621900   -0.04330200   -0.59120600 
 C                 -3.58616700    0.11725300    0.46704800 
 C                 -4.96429500   -0.02409000    0.24390600 
 C                 -5.44703800   -0.32740500   -1.02830800 
 H                 -4.94267000   -0.74060200   -3.09501100 
 H                 -3.22884200    0.35080000    1.46339800 
 H                 -5.65547000    0.10608800    1.07137000 
 H                 -6.51602200   -0.43426300   -1.19126100 
 C                 -0.93604800   -0.32935600   -2.18651200 
 O                  0.12888800   -0.40197600   -2.77332100 
 C                 -0.58572700    1.43599600   -0.44158800 
 C                  0.73523300    1.72913400   -0.82603500 
 C                 -1.34916600    2.46884400    0.12280200 
 C                  1.27673400    2.99602600   -0.62365100 
 H                  1.32910600    0.97322300   -1.32084300 
 C                 -0.80948500    3.73763900    0.32852700 
 H                 -2.38189200    2.29467500    0.39712400 
 C                  0.50960900    4.00487200   -0.03735700 
 H                  2.29522600    3.20177100   -0.93680800 
 H                 -1.42172600    4.52140700    0.76233400 
 C                 -0.50567600   -1.08677700    0.29060300 
 C                 -0.87633500   -0.87636000    1.75800400 
 C                 -1.55298100   -2.01859700    2.22133900 
 C                 -1.16846100    0.02708100   -0.67451300 
 C                  1.01960600   -1.31421100    0.11385300 
 C                  1.94705400   -0.73905900    0.99579800 
 C                  1.51765500   -2.13219400   -0.91499300 
 C                  3.31624300   -0.95627000    0.85466600 
 H                  1.61205300   -0.11789600    1.81530600 
 C                  2.88412500   -2.35573000   -1.05727800 
 H                  0.83490300   -2.59872800   -1.61076600 
 C                  3.79163400   -1.76681500   -0.17515400 
 H                  4.01062700   -0.49201700    1.54710500 
 H                  3.24337300   -2.98522100   -1.86490800 
 C                 -1.22250500   -2.44230800   -0.00680200 
 O                 -1.33360200   -2.98856200   -1.09283700 
 C                 -2.00502700   -2.13895300    3.53075000 
 C                 -1.77930600   -1.06571800    4.40069600 
 H                 -2.12349400   -1.13321700    5.42894800 
 C                 -1.12672700    0.08504000    3.96002400 
 C                 -0.67146300    0.18308700    2.63598500 
 H                 -0.18046100    1.09166000    2.30655900 
 H                 -0.96607900    0.91385900    4.64293600 
 H                 -2.52472300   -3.03022100    3.86774800 
 N                 -1.71420900   -2.93931900    1.17958300 
 N                 -2.16836000   -0.48293700   -2.78445200 
 C                 -2.44496200   -4.18748500    1.27094700 
 H                 -2.42313500   -4.65093000    0.28380100 
 H                 -1.97568900   -4.85632500    2.00078100 
 H                 -3.48561900   -4.00821100    1.56573700 
 C                 -2.32283600   -0.86605600   -4.17273500 
 H                 -2.95531700   -0.14637500   -4.70436700 
 H                 -1.32803000   -0.87691900   -4.61954400 
 H                 -2.76763800   -1.86491900   -4.25013300 
 C                  5.26135900   -2.05895800   -0.29817700 
 C                  1.11749200    5.35222800    0.23837400 
 F                  5.60333200   -3.19440500    0.35765500 
 F                  5.63548600   -2.22705100   -1.58624200 
 F                  6.02001900   -1.06626400    0.21874200 
 F                  2.03504900    5.69260700   -0.69325700 
 F                  1.75064100    5.37744800    1.43659600 
 F                  0.18606900    6.33175700    0.26908300 
 
 
  2.28b Pd 
Adduct 
 
E: -1400.782048 
H: -1400.781104 
G: -1400.863479 
Thermal Correction to Enthalpy: 0.314691  
Thermal Correction to Gibbs Free Energy: 0.232315  
SPE: -1400.732118 
 
0 1 
 Pd                -0.15319700    1.10954000    0.18124300 
 O                 -1.51483100    2.63864000   -0.50336800 
 C                 -0.58109200    3.51012000   -0.44642500 
 O                  0.57965800    3.15793700   -0.06491400 
 C                 -0.87123100    4.94550800   -0.80093800 
 H                  0.03973900    5.44308900   -1.14159600 
 H                 -1.64836500    4.99837700   -1.56739400 
 H                 -1.23658200    5.46740200    0.09156100 
 C                 -1.01478500   -0.83080600    0.35016900 
 C                 -1.75600800   -0.87218900    1.67888800 
 C                  0.42008200   -1.05747300    0.27931000 
 C                  1.21958700   -0.37873800    1.26012500 
 C                  1.08173800   -1.70379100   -0.80807200 
 C                  2.62703300   -0.32343600    1.10041700 
 H                  0.77563400   -0.11385500    2.21534400 
 C                  2.45077800   -1.65586300   -0.91866900 
 H                  0.49377500   -2.26271100   -1.52688000 
 C                  3.23001400   -0.93958600    0.02528900 
 H                  3.22616000    0.18385700    1.84823800 
 H                  2.94792100   -2.17179300   -1.73445700 
 O                 -1.31951400   -0.69266800    2.80820800 
 C                 -2.02115100   -1.17393500   -0.66720700 
 C                 -3.25338100   -1.35316800    0.00285700 
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 C                 -4.42554500   -1.65473800   -0.67890000 
 C                 -4.35741500   -1.77364800   -2.07348400 
 C                 -3.15481200   -1.58049800   -2.75746700 
 C                 -1.98252200   -1.26935800   -2.05867200 
 H                 -5.36551500   -1.79101000   -0.15375400 
 H                 -5.26070100   -2.00967200   -2.62900300 
 H                 -3.12938400   -1.65863700   -3.84006800 
 H                 -1.06271500   -1.07902700   -2.60216200 
 N                 -3.07512700   -1.17481600    1.37844200 
 C                 -4.11876900   -1.24908600    2.38013300 
 H                 -4.89531300   -0.49911600    2.18930000 
 H                 -4.57809100   -2.24434200    2.39109200 
 H                 -3.65523100   -1.05372300    3.34827100 
 C                  4.72030100   -0.88031100   -0.17726400 
 F                  5.03459600   -0.15795200   -1.27589100 
 F                  5.36023200   -0.32581200    0.87047600 
 F                  5.23652400   -2.11726300   -0.36511000 
 
  2.29 
 
E: -591.484796 
H: -591.483851 
G: -591.53731 
Thermal Correction to Enthalpy: 0.18377 
Thermal Correction to Gibbs Free Energy: 0.13031  
SPE uM06: -591.4369672 
SPE uM062x: -591.605354 
 
0 1 
 C                  0.80925500    0.21469300   -0.38369800 
 C                  1.48785600   -0.88251700   -0.92827600 
 C                  2.75870300   -1.22023000   -0.46534900 
 C                  3.36033700   -0.46563200    0.54420800 
 C                  2.68331900    0.62553900    1.08935400 
 C                  1.40907600    0.96529400    0.63064700 
 H                  1.01528100   -1.47497300   -1.70729400 
 H                  3.27923700   -2.07110400   -0.89605600 
 H                  4.35267000   -0.72610900    0.90184300 
 H                  3.14519400    1.21845400    1.87392300 
 H                  0.88865700    1.81923600    1.05381000 
 C                 -0.60103200    0.52824100   -0.90541700 
 H                 -0.60511600    0.42758900   -1.99615400 
 C                 -1.05451900    1.88414300   -0.57866200 
 N                 -1.40812400    2.96290500   -0.33888200 
 C                 -1.57698000   -0.55268300   -0.39697400 
 O                 -1.82706800   -1.55714100   -1.02184600 
 O                 -2.04552400   -0.26269300    0.82250500 
 C                 -2.91766100   -1.25129400    1.40538100 
 H                 -2.38685300   -2.19885600    1.52576500 
 H                 -3.79343000   -1.40512900    0.77055100 
 H                 -3.20816200   -0.84408200    2.37323600 
 
  2.29 
monomer 
 
E: -590.872793 
H: -590.871848 
G: -590.924178 
Thermal Correction to Enthalpy: 0.170938 
Thermal Correction to Gibbs Free Energy: 0.118608  
SPE uM06: -590.8067622 
SPE uM062x: -590.9692621 
 
0 2 
 C                  0.90345300    0.08166000    0.00000300 
 C                  1.88400100    1.11415300   -0.00003000 
 C                  3.23626700    0.81384200   -0.00003200 
 C                  3.66305500   -0.52041800    0.00000000 
 C                  2.71527700   -1.55037400    0.00003200 
 C                  1.35693700   -1.26671400    0.00003200 
 H                  1.56277100    2.15068700   -0.00005300 
 H                  3.96466200    1.61958200   -0.00005900 
 H                  4.72407700   -0.75383200   -0.00000100 
 H                  3.04145500   -2.58664100    0.00005900 
 H                  0.62822000   -2.06526500    0.00005300 
 C                 -0.49455900    0.43236500    0.00000500 
 C                 -0.86056000    1.80053000    0.00001400 
 N                 -1.12259300    2.93934900    0.00002500 
 C                 -1.60812400   -0.54995000   -0.00001700 
 O                 -1.49634200   -1.76318700   -0.00003700 
 O                 -2.80191000    0.07973500    0.00003000 
 C                 -3.95379500   -0.77838700   -0.00001600 
 H                 -3.95842400   -1.41249900    0.89051000 
 H                 -3.95801500   -1.41297400   -0.89020000 
 H                 -4.81229000   -0.10712200   -0.00037600 
 
 
 
  2.29 dimer 
 
E: -1181.7677 
H: -1181.766755 
G: -1181.846409 
Thermal Correction to Enthalpy: 0.345864 
Thermal Correction to Gibbs Free Energy: 0.26621 
SPE uM062x: -1182.004349 
 
0 1 
 C                  1.81469100   -0.43612800    0.19637700 
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 C                  2.61603200   -0.77043500    1.29725300 
 C                  3.90786800   -0.25763000    1.41312700 
 C                  4.41895000    0.59199700    0.43231200 
 C                  3.62620200    0.92877600   -0.66482500 
 C                  2.33163300    0.42297200   -0.78499500 
 H                  2.23615400   -1.43351200    2.06672100 
 H                  4.51272200   -0.52903000    2.27362000 
 H                  5.42730400    0.98696800    0.52143800 
 H                  4.01195200    1.58931000   -1.43648400 
 H                  1.72777600    0.69338200   -1.64234600 
 C                  0.23011700   -2.19921800    0.91287100 
 N                  0.10513200   -3.11569600    1.61298100 
 C                  0.07861500   -1.34929300   -1.39766900 
 O                 -0.11858700   -0.53794400   -2.27291400 
 O                  0.17203700   -2.66618100   -1.59460800 
 C                 -0.06075500   -3.11080300   -2.94446100 
 H                  0.65565500   -2.64690000   -3.62668400 
 H                 -1.07717400   -2.85227000   -3.25035200 
 H                  0.07224300   -4.19170700   -2.91634200 
 C                 -0.71824200    0.07510100    0.65646800 
 C                  0.37205200   -0.98496900    0.08504800 
 C                 -0.72520100    1.46493000   -0.02142800 
 C                  0.07361900    2.49839500    0.48522800 
 C                 -1.55170700    1.72304400   -1.12335900 
 C                  0.05135000    3.76294900   -0.10341300 
 H                  0.70854200    2.32227000    1.34683800 
 C                 -1.57633500    2.98947700   -1.70430500 
 H                 -2.16454900    0.93448300   -1.54375000 
 C                 -0.77483500    4.01378300   -1.19820900 
 H                  0.67745200    4.55169500    0.30394200 
 H                 -2.22356700    3.17170700   -2.55754800 
 H                 -0.79785400    5.00086400   -1.65186100 
 C                 -0.43048200    0.24815800    2.09269300 
 N                 -0.17517800    0.39108600    3.21527900 
 C                 -2.12659300   -0.56406500    0.50896900 
 O                 -2.40371400   -1.37901100   -0.34308800 
 O                 -2.98278300   -0.07048500    1.40206600 
 C                 -4.33071200   -0.58160400    1.33086400 
 H                 -4.32775400   -1.66634100    1.45747400 
 H                 -4.86313900   -0.09558200    2.14723200 
 H                 -4.77865700   -0.32670900    0.36736000 
 
 
  2.29 Pd Adduct 
 
E: -946.074093 
H: -946.073149 
G: -946.140041 
Thermal Correction to Enthalpy: 0.23045 
Thermal Correction to Gibbs Free Energy: 0.163558  
SPE: -946.0325348 
 
0 1 
 Pd                 0.70631700   -0.02752200   -0.05364400 
 O                  2.81997700   -0.25450700   -0.46909100 
 C                  3.03376700    0.87569000    0.07820500 
 O                  2.03943300    1.53488700    0.53830000 
 C                  4.42704900    1.43466500    0.16934200 
 H                  4.44769600    2.31142300    0.81939500 
 H                  5.10917700    0.66657600    0.54583200 
 H                  4.76824200    1.71825300   -0.83274000 
 C                 -1.33782600    0.25612400    0.42312500 
 C                 -1.54449400    0.60967600    1.80309100 
 N                 -1.70719500    0.84995200    2.93009200 
 C                 -1.21607300   -1.17534400    0.11391300 
 C                 -1.30639000   -2.18461300    1.11767000 
 C                 -0.72002000   -1.53639000   -1.18137400 
 C                 -0.94186000   -3.48251900    0.83172900 
 H                 -1.66889500   -1.91386200    2.10404500 
 C                 -0.33177200   -2.87410100   -1.43104600 
 H                 -0.82761800   -0.84306300   -2.00719700 
 C                 -0.44108500   -3.83258900   -0.44337800 
 H                 -1.03161200   -4.24454300    1.60060500 
 H                  0.02577100   -3.13848800   -2.42149600 
 C                 -1.87706900    1.23484700   -0.59120600 
 O                 -2.08299600    0.99288300   -1.76454900 
 O                 -2.08201600    2.43318800   -0.02500500 
 C                 -2.54395200    3.47063700   -0.90816100 
 H                 -3.49931200    3.19004500   -1.35852000 
 H                 -2.65641500    4.35296300   -0.27899400 
 H                 -1.81045800    3.64943100   -1.69849700 
 H                 -0.15363000   -4.86047600   -0.64414800 
 
 
  2.30 
 
E: -709.169678 
H: -709.168734 
G: -709.224795 
Thermal Correction to Enthalpy: 0.258678 
Thermal Correction to Gibbs Free Energy: 0.202618  
SPE uM06: -709.1006705 
SPE uM062x: -709.3346873 
 
0 1 
 C                  0.98727500   -0.60652700   -0.48189200 
 C                  2.02330100    0.10918500    0.11502000 
 C                  3.18750800   -0.51408800    0.55420000 
 C                  3.29297100   -1.89528900    0.38210700 
 C                  2.25077800   -2.62018800   -0.21328400 
 C                  1.08415500   -1.98380100   -0.65049000 
 C                  1.65596400    1.55061500    0.16881200 
 H                  3.97911100    0.07006100    1.01420500 
 H                  4.18716500   -2.41650300    0.71273200 
 H                  2.35003100   -3.69551700   -0.33548700 
 H                  0.27718600   -2.55511500   -1.10169700 
 C                 -0.13380200    0.34994500   -0.86309700 
 H                 -0.23228100    0.38802300   -1.96017700 
 N                  0.38640400    1.62930300   -0.37770800 
 O                  2.31467200    2.48769100    0.59680200 
 C                 -0.29261800    2.88680300   -0.59699600 
 H                  0.32759500    3.67115700   -0.15841500 
 H                 -0.42208000    3.08843800   -1.66932600 
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 H                 -1.27930900    2.89061700   -0.11992600 
 C                 -1.49427900   -0.01980900   -0.28439300 
 C                 -2.52800600   -0.43705900   -1.12783600 
 C                 -1.72300200    0.03229300    1.09717400 
 C                 -3.76987100   -0.80570000   -0.60407400 
 H                 -2.36291600   -0.47103700   -2.20281800 
 C                 -2.96273800   -0.32822600    1.62108200 
 H                 -0.92564100    0.36045600    1.75870900 
 C                 -3.98970800   -0.75091400    0.77168900 
 H                 -4.56404700   -1.12738600   -1.27255400 
 H                 -3.12878200   -0.28121800    2.69407200 
 H                 -4.95580900   -1.03206300    1.18208600 
 
 
  2.30 
monomer 
 
E: -708.557218 
H: -708.556274 
G: -708.611227 
Thermal Correction to Enthalpy: 0.246036 
Thermal Correction to Gibbs Free Energy: 0.191083  
SPE uM06: -708.4724129 
SPE uM062x: -708.7044971 
 
0 2 
 C                 -0.99368500   -0.61377500   -0.03582700 
 C                 -2.18026500    0.16061300    0.00071500 
 C                 -3.44284300   -0.42153900   -0.06622000 
 C                 -3.52325700   -1.80830800   -0.17994500 
 C                 -2.35107000   -2.58819100   -0.24217500 
 C                 -1.08731100   -2.01111200   -0.17912700 
 C                 -1.80492600    1.57256900    0.09185000 
 H                 -4.33225500    0.20118400   -0.03565900 
 H                 -4.49330400   -2.29421900   -0.23253100 
 H                 -2.43684900   -3.66630600   -0.34932800 
 H                 -0.19852300   -2.62912400   -0.25426100 
 C                  0.12615700    0.28730200    0.02378200 
 N                 -0.38512500    1.57544600    0.07782800 
 O                 -2.49160800    2.58473200    0.18466800 
 C                  0.33854800    2.81663300    0.29697400 
 H                  0.73050100    3.23040500   -0.63871700 
 H                 -0.37441400    3.53006000    0.71459100 
 H                  1.16701400    2.65759900    0.99153500 
 C                  1.54360200   -0.04188200    0.00709900 
 C                  2.00969000   -1.17842200    0.70536200 
 C                  2.48818200    0.72565600   -0.70942300 
 C                  3.35637500   -1.52851700    0.68517000 
 H                  1.31039300   -1.76363100    1.29363500 
 C                  3.83379900    0.37040900   -0.72461600 
 H                  2.15768200    1.58262700   -1.28634600 
 C                  4.27709400   -0.75708700   -0.02864300 
 H                  3.69083300   -2.40142000    1.23944600 
 H                  4.53893600    0.97187600   -1.29210900 
 H                  5.32818800   -1.03111500   -0.04225500 
 
 
 
  2.30 dimer 
 
E: -1417.114823 
H: -1417.113879 
G: -1417.197593 
Thermal Correction to Enthalpy: 0.49673 
Thermal Correction to Gibbs Free Energy: 0.413015 
SPE uM062x: -1417.454277 
 
0 1 
 C                  0.00000000    0.00000000    0.00000000 
 C                  0.00000000    0.00000000    1.39910000 
 C                  1.19934230    0.00000000    2.14562484 
 C                  2.39507607    0.07449305    1.40422699 
 C                  2.39737626    0.07660237    0.00413047 
 C                  1.20005277    0.02932866   -0.69781476 
 C                  1.19065906    0.03871953    3.70451988 
 C                  2.39789034   -0.85850421    4.49886439 
 C                 -0.16989452   -0.43396048    4.28741096 
 C                 -0.74832451    0.56901746    5.06068535 
 C                  0.05561679    1.77753833    4.94754602 
 N                  1.15585402    1.48686243    4.14797727 
 O                 -0.26327969    2.85463318    5.41761518 
 C                  1.70272454    2.58727451    3.36809584 
 C                 -0.85421584   -1.63911568    4.14198909 
 C                 -2.07366339   -1.81794645    4.80835869 
 C                 -2.61819834   -0.79674718    5.60095003 
 C                 -1.95663150    0.42320947    5.72359791 
 C                  3.88074262   -0.38874051    4.31941853 
 C                  4.91574650   -1.26467775    3.92183846 
 C                  6.24012751   -0.83303121    3.77467626 
 C                  6.57973519    0.48579080    4.04233564 
 C                  5.59806978    1.36581975    4.47513561 
 C                  4.27579822    0.92881564    4.62068764 
 C                  2.23692212   -2.35978811    4.13165720 
 C                  2.00521040   -3.12663976    5.27517050 
 C                  1.97746078   -2.25759391    6.44316728 
 N                  2.13303654   -0.95703618    5.99679502 
 C                  2.37718700    0.09212853    6.96653949 
 O                  1.85792282   -2.65629711    7.58719927 
 C                  2.29886619   -3.01355647    2.90214223 
 C                  2.12089819   -4.40344262    2.85286463 
 C                  1.88711016   -5.14318389    4.02077320 
 C                  1.82966298   -4.50172850    5.25470084 
 H                 -0.94314479   -0.01086473   -0.54171133 
 H                 -0.97212801    0.01578054    1.88809387 
 H                  3.36302505    0.15117670    1.88817160 
 H                  3.34061494    0.12705167   -0.53577661 
 H                  1.20144915    0.03460815   -1.78470104 
 H                  1.01280810    2.82616666    2.55269649 
 H                  1.79369945    3.47450789    4.00284665 
 H                  2.68482939    2.34325460    2.96471423 
 H                 -0.47616487   -2.44086054    3.51472404 
 H                 -2.60946283   -2.76013249    4.70602531 
 H                 -3.56911926   -0.95299470    6.10578915 
 H                 -2.37815043    1.23884004    6.30215439 
 H                  4.73344736   -2.31781645    3.72376043 
 H                  7.00692765   -1.53729894    3.45950433 
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 H                  7.60799499    0.82045320    3.93362910 
 H                  5.85911820    2.39401805    4.71545472 
 H                  3.56546547    1.65223368    5.00794700 
 H                  2.03676682    1.05822017    6.60095120 
 H                  1.84426486   -0.13137146    7.89615818 
 H                  3.44576673    0.12659769    7.19608574 
 H                  2.49959006   -2.48870691    1.97492461 
 H                  2.17072636   -4.91796961    1.89437617 
 H                  1.75424118   -6.22119281    3.96117933 
 H                  1.65141146   -5.05444132    6.17166764 
 
 
 
  2.30 Pd 
Adduct 
 
E: -1063.749636 
H: -1063.748692 
G: -1063.822656 
Thermal Correction to Enthalpy: 0.306427 
Thermal Correction to Gibbs Free Energy: 0.232463  
SPE: -1063.697904 
 
0 1 
 Pd                -1.08871600    0.41571100   -0.17346300 
 O                 -2.75638800    1.91642100   -0.10208900 
 C                 -1.88093500    2.83280900   -0.06435400 
 O                 -0.63636400    2.53895100   -0.09672700 
 C                 -2.28735200    4.28403700    0.04250800 
 H                 -1.70954100    4.88816200   -0.66318700 
 H                 -3.35642800    4.39810300   -0.14779200 
 H                 -2.06124000    4.64940100    1.05092400 
 C                  0.66166900   -0.78858000   -0.28889400 
 C                 -0.41937400   -1.69765000    0.11764200 
 C                 -0.45882500   -2.32791100    1.39659100 
 C                 -1.59949500   -1.76145400   -0.69898900 
 C                 -1.59087700   -2.98931800    1.82394400 
 H                  0.43248400   -2.31623000    2.01360700 
 C                 -2.75696400   -2.41985500   -0.21487800 
 H                 -1.57190100   -1.49257400   -1.74937400 
 C                 -2.75736400   -3.02007800    1.02750200 
 H                 -1.58366200   -3.49535100    2.78545500 
 H                 -3.63588500   -2.46535600   -0.85103500 
 C                  1.69618800   -0.25247800    0.63631900 
 C                  2.84742500    0.03639400   -0.10693500 
 C                  3.97993300    0.60319000    0.46505600 
 C                  3.94821700    0.88728800    1.83182400 
 C                  2.79523900    0.62081700    2.58361800 
 C                  1.65613300    0.06053200    1.99786900 
 H                  4.85160900    0.81697400   -0.14591900 
 H                  4.81450200    1.32949100    2.31532600 
 H                  2.77966300    0.86601000    3.64193200 
 H                  0.76039800   -0.09705700    2.58895200 
 N                  1.29774500   -0.83856400   -1.55782800 
 C                  2.60905800   -0.33775300   -1.51563800 
 O                  3.36057100   -0.26671200   -2.47432200 
 C                  0.76362200   -1.36674100   -2.79768300 
 H                  1.57885000   -1.33478500   -3.52290700 
 H                  0.42546400   -2.40124000   -2.67521800 
 H                 -0.06408600   -0.75321800   -3.17209000 
 H                 -3.64383100   -3.53386800    1.38753800 
 
  2.31 
 
E: -732.189474 
H: -732.18853 
G: -732.244898 
Thermal Correction to Enthalpy: 0.284186 
Thermal Correction to Gibbs Free Energy: 0.227818  
SPE uM06: -732.0813654 
SPE uM062x: -732.361387 
 
0 1 
 H                 -0.38648900    0.00002000   -1.97947800 
 C                  2.51617400    3.01733800    0.34589000 
 C                  1.29033500    3.46104500   -0.16270500 
 C                  0.31891100    2.54340900   -0.57820300 
 C                  0.59058600    1.18416000   -0.47754200 
 C                  1.82175300    0.73486700    0.04061900 
 C                  2.79115900    1.65221200    0.45214300 
 H                  3.26084300    3.74229400    0.66394800 
 H                  1.09045200    4.52684900   -0.23409000 
 H                 -0.63568900    2.89009900   -0.96622700 
 H                  3.74425800    1.31428800    0.85121100 
 C                 -0.28225400   -0.00001200   -0.88390900 
 C                  0.59062700   -1.18413300   -0.47757100 
 C                  0.31903900   -2.54341800   -0.57824300 
 C                  1.29049600   -3.46099100   -0.16275100 
 C                  2.51632600   -3.01722900    0.34588000 
 C                  2.79122300   -1.65210800    0.45216500 
 C                  1.82176000   -0.73482000    0.04059900 
 H                 -0.63555900   -2.89014000   -0.96625500 
 H                  1.09068200   -4.52680400   -0.23417400 
 H                  3.26100700   -3.74218100    0.66392000 
 H                  3.74427500   -1.31406500    0.85124100 
 C                 -1.68589700   -0.00005900   -0.29406500 
 C                 -2.80882900    0.00000100   -1.12822800 
 C                 -1.88158000   -0.00013900    1.09509600 
 C                 -4.09996600    0.00000400   -0.59295900 
 H                 -2.67316200    0.00004400   -2.20776600 
 C                 -3.16694800   -0.00011900    1.63179200 
 H                 -1.01824500   -0.00017100    1.75548800 
 C                 -4.28256900   -0.00004100    0.78886600 
 H                 -4.95948800    0.00010000   -1.25837900 
 H                 -3.30001600   -0.00013500    2.71060100 
 H                 -5.28494400   -0.00000100    1.20872600 
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  2.31 
monomer 
 
E: -731.57848 
H: -731.577536 
G: -731.632919 
Thermal Correction to Enthalpy: 0.271625 
Thermal Correction to Gibbs Free Energy: 0.216242  
SPE uM06: -731.4555221 
SPE uM062x: -731.7311386 
 
0 2 
 C                 -2.67680800    3.01914600   -0.16069700 
 C                 -1.34488800    3.45132400   -0.19599500 
 C                 -0.29357900    2.53438000   -0.14320800 
 C                 -0.58323000    1.16506400   -0.03813800 
 C                 -1.94489000    0.73146800   -0.02792200 
 C                 -2.98229700    1.65330100   -0.08451600 
 H                 -3.48136300    3.74821100   -0.20400900 
 H                 -1.12647400    4.51298200   -0.27305500 
 H                  0.73343900    2.88145100   -0.19902400 
 H                 -4.01909900    1.32589400   -0.07708600 
 C                  0.27879500    0.00007500    0.00019200 
 C                 -0.58312100   -1.16503400    0.03847400 
 C                 -0.29338400   -2.53430100    0.14370200 
 C                 -1.34462800   -3.45135100    0.19623900 
 C                 -2.67657700   -3.01930900    0.16051700 
 C                 -2.98216300   -1.65349600    0.08413900 
 C                 -1.94480300   -0.73158600    0.02778400 
 H                  0.73363400   -2.88132000    0.19980700 
 H                 -1.12611000   -4.51297800    0.27341100 
 H                 -3.48106400   -3.74846000    0.20363700 
 H                 -4.01897800   -1.32614100    0.07638400 
 C                  1.73714700    0.00012000    0.00004800 
 C                  2.46671700   -0.94857200   -0.74961800 
 C                  2.46687900    0.94871500    0.74957300 
 C                  3.85888700   -0.94441800   -0.75128900 
 H                  1.92979900   -1.66518700   -1.36295800 
 C                  3.85909900    0.94447800    0.75099200 
 H                  1.93018400    1.66537900    1.36305600 
 C                  4.56318200    0.00002700   -0.00019700 
 H                  4.39700000   -1.67669800   -1.34755900 
 H                  4.39729400    1.67672900    1.34722200 
 H                  5.64971500   -0.00004500   -0.00030800 
 
  2.31 dimer 
 
E: -1463.158194 
H: -1463.157249 
G: -1463.242673 
Thermal Correction to Enthalpy: 0.547828 
Thermal Correction to Gibbs Free Energy: 0.462404 
SPE uM062x: -1463.511281 
 
0 1 
 C                 -3.56632600   -1.43220400   -2.52492700 
 C                 -2.92456600   -0.22240300   -2.80080800 
 C                 -1.72686500    0.11797500   -2.16272200 
 C                 -1.16429200   -0.75958100   -1.23517200 
 C                 -1.83570300   -1.96264100   -0.94225900 
 C                 -3.02502100   -2.30880100   -1.58568100 
 H                 -4.49271500   -1.68493600   -3.03381000 
 H                 -3.35915000    0.46908500   -3.51775500 
 H                 -1.27289700    1.07629600   -2.38353500 
 H                 -3.52742100   -3.24398700   -1.35187200 
 C                  0.16024200   -0.67046700   -0.43231800 
 C                  0.02686200   -1.91856600    0.46940400 
 C                  0.83808400   -2.36861600    1.51287500 
 C                  0.51319200   -3.55703100    2.17843600 
 C                 -0.61004100   -4.30125200    1.80702600 
 C                 -1.42965800   -3.85845400    0.76909500 
 C                 -1.11058800   -2.66821000    0.11219300 
 H                  1.71299300   -1.81028300    1.82376500 
 H                  1.14540800   -3.90093400    2.99267100 
 H                 -0.84819200   -5.22327500    2.33080300 
 H                 -2.31185300   -4.42637500    0.48496900 
 C                  1.34015600   -0.87164100   -1.43767500 
 C                  2.34900000   -1.82736600   -1.22467600 
 C                  1.40385200   -0.14934200   -2.64277000 
 C                  3.37832600   -2.02920900   -2.14628900 
 H                  2.33977900   -2.43599400   -0.33079800 
 C                  2.43172700   -0.34456600   -3.56531800 
 H                  0.64125800    0.57660700   -2.88277700 
 C                  3.43117700   -1.28586800   -3.32303500 
 H                  4.13634200   -2.77986500   -1.93744800 
 H                  2.43876100    0.23847500   -4.48275200 
 H                  4.22920700   -1.44413600   -4.04353500 
 C                  0.20797600    0.69439600    0.47711600 
 C                 -1.16001900    0.83143400    1.18465700 
 C                  0.23030000    2.00589000   -0.34594200 
 C                 -1.77290600   -0.00479100    2.11853400 
 C                 -1.82067500    2.00525100    0.77706000 
 C                  1.24546600    2.56027500   -1.12457200 
 C                 -0.96077000    2.73516400   -0.15298700 
 C                 -3.03896600    0.32667500    2.61425100 
 H                 -1.28045200   -0.90072700    2.47639900 
 C                 -3.08465600    2.33611000    1.26883500 
 C                  1.04547400    3.79899600   -1.74504200 
 H                  2.19254100    2.05268400   -1.25703100 
 C                 -1.16163500    3.97146400   -0.76967600 
 C                 -3.69517500    1.48523100    2.18957300 
 H                 -3.51292300   -0.32683400    3.34180200 
 H                 -3.58485300    3.24454800    0.94313800 
 C                 -0.15308800    4.49762300   -1.57727300 
 H                  1.83786400    4.22268800   -2.35619300 
 H                 -2.08477700    4.52360900   -0.61314700 
 H                 -4.67880300    1.72752200    2.58317000 
 H                 -0.29326400    5.45992400   -2.06252600 
 C                  1.39826700    0.74693600    1.46955200 
 C                  1.20187300    1.01652200    2.83350000 
 C                  2.72771100    0.61511500    1.02837200 
 C                  2.27661700    1.12289500    3.71887000 
 H                  0.19860900    1.14928100    3.21835600 
 C                  3.80250100    0.71443300    1.91214600 
 H                  2.93936700    0.41611000   -0.01312100 
 C                  3.58506000    0.96642700    3.26683200 
 H                  2.08120000    1.33041100    4.76794600 
 H                  4.81451700    0.59761000    1.53265700 
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 H                  4.42198600    1.04566900    3.95552700 
 
  2.31 Pd 
Adduct 
 
E: -1086.770301 
H: -1086.769357 
G: -1086.842847 
Thermal Correction to Enthalpy: 0.332048 
Thermal Correction to Gibbs Free Energy: 0.258559  
SPE: -1086.679676 
 
0 1 
 Pd                 1.19338400   -0.32068200    0.36351300 
 O                  0.88996700   -2.44886900    0.67158500 
 C                  2.11768400   -2.59382600    0.99137400 
 O                  2.89156700   -1.58618100    1.01230700 
 C                  2.64461400   -3.97201000    1.31042600 
 H                  3.55449100   -3.90282200    1.91085100 
 H                  1.88366000   -4.55702000    1.83359000 
 H                  2.88285600   -4.49064700    0.37410700 
 C                 -0.55665000    0.72642600   -0.26171300 
 C                 -1.53107800    0.92338300    0.85732000 
 C                 -1.28339500   -0.10038500   -1.26518500 
 C                 -1.46893700    1.67659300    2.03252000 
 C                 -2.71975400    0.21316600    0.55164500 
 C                 -0.86818600   -0.63053800   -2.49031300 
 C                 -2.56393300   -0.42517200   -0.75735700 
 C                 -2.56338900    1.68728600    2.90261400 
 H                 -0.59474500    2.26610400    2.28527500 
 C                 -3.80650900    0.22349100    1.42368000 
 C                 -1.74755200   -1.43954700   -3.21665900 
 H                  0.13118800   -0.44575400   -2.87027600 
 C                 -3.43346700   -1.23815300   -1.48118900 
 C                 -3.72051800    0.95968200    2.60765700 
 H                 -2.51023100    2.27021700    3.81787600 
 H                 -4.71367700   -0.32457200    1.18310900 
 C                 -3.02090100   -1.73718700   -2.71995400 
 H                 -1.43131000   -1.84997900   -4.17153600 
 H                 -4.41608200   -1.48813700   -1.08974800 
 H                 -4.56001600    0.97567600    3.29721200 
 H                 -3.68959300   -2.37178900   -3.29510200 
 C                  0.55402800    1.61893000   -0.59210000 
 C                  1.48146100    1.94594200    0.45725900 
 C                  0.90001800    1.99908000   -1.92263400 
 C                  2.70705500    2.58709800    0.14656100 
 H                  1.18973100    1.89148500    1.50057900 
 C                  2.08453200    2.65262600   -2.18752000 
 H                  0.19407000    1.80119000   -2.72105500 
 C                  3.00956400    2.92895600   -1.15490500 
 H                  3.38988300    2.83047200    0.95525100 
 H                  2.30968100    2.96087300   -3.20498000 
 H                  3.94404100    3.43145100   -1.38702100 
 
  2.32 
 
E: -819.354361 
H: -819.353417 
G: -819.413508 
Thermal Correction to Enthalpy: 0.231566 
Thermal Correction to Gibbs Free Energy: 0.171475  
SPE uM06: -819.3049494 
SPE uM062x: -819.5092967 
 
0 1 
 C                 -0.28680300    1.13879300   -0.53960300 
 C                  0.99107600    0.82483100   -0.05789600 
 C                  1.83273200    1.81865800    0.43923900 
 C                  1.35260400    3.13375700    0.44454000 
 C                  0.07915900    3.45261900   -0.03004100 
 C                 -0.75385900    2.44562900   -0.52817000 
 C                 -0.97009300   -0.11939900   -1.01348500 
 C                  0.08286500   -1.20644200   -0.75956900 
 H                  2.81856600    1.57662200    0.80642500 
 H                  1.99527600    3.92078100    0.82925100 
 H                 -0.26628300    4.48213600   -0.01357900 
 H                 -1.74975700    2.67376800   -0.89805700 
 N                  1.21932100   -0.58378100   -0.18588100 
 C                  2.41207800   -1.23875200    0.21446600 
 O                  3.32668700   -0.59227200    0.68995500 
 C                 -2.28650800   -0.37300900   -0.28108600 
 O                 -3.37220800   -0.07902300   -0.72519500 
 O                 -2.07445000   -0.90345400    0.93571200 
 C                 -3.25551800   -1.13033800    1.72821000 
 H                 -3.93157800   -1.81665400    1.21278700 
 H                 -2.89904000   -1.56711200    2.66078900 
 H                 -3.77339300   -0.18643100    1.91562600 
 C                  2.49671100   -2.73595100    0.03308500 
 H                  1.69683800   -3.25165400    0.57086900 
 H                  2.39251100   -3.01847400   -1.01784000 
 H                  3.47177900   -3.04402200    0.41373000 
 O                 -0.03631100   -2.38099500   -1.02478100 
 H                 -1.20658100   -0.09892500   -2.08250800 
 
 
75 
 
  2.32 
monomer 
 
E: -818.741515 
H: -818.740571 
G: -818.800364 
Thermal Correction to Enthalpy: 0.218703 
Thermal Correction to Gibbs Free Energy: 0.15891  
SPE uM06: -818.6742174 
SPE uM062x: -818.8741063 
 
 
0 2 
 C                  0.00440900    1.15011300    0.00008200 
 C                  1.32356200    0.58700500    0.00018000 
 C                  2.45030000    1.40091600    0.00025500 
 C                  2.24881900    2.78665900    0.00014900 
 C                  0.96055000    3.35941500   -0.00005700 
 C                 -0.16546200    2.55655900   -0.00007600 
 C                 -0.92842300    0.09647000    0.00006000 
 C                 -0.18769900   -1.17451600   -0.00010200 
 H                  3.44135700    0.97295800    0.00030000 
 H                  3.11886900    3.43743100    0.00026300 
 H                  0.85551000    4.44019100   -0.00024300 
 H                 -1.16840800    2.96446200   -0.00018500 
 N                  1.21396000   -0.81574800    0.00013700 
 C                  2.31541300   -1.70493600   -0.00002600 
 O                  3.44977100   -1.26252200   -0.00012800 
 C                 -2.39019800    0.26260400   -0.00017900 
 O                 -2.94249800    1.35189500   -0.00060300 
 O                 -3.05400300   -0.90658800    0.00031500 
 C                 -4.48602200   -0.79814100    0.00042600 
 H                 -4.83123800   -0.26441400   -0.88921700 
 H                 -4.85167800   -1.82490600    0.00040500 
 H                 -4.83107200   -0.26462900    0.89029900 
 C                  2.03324000   -3.18878100    0.00003600 
 H                  1.44926100   -3.48522100    0.87517500 
 H                  1.44879500   -3.48533300   -0.87472500 
 H                  3.00068000   -3.69338500   -0.00012300 
 O                 -0.60336100   -2.31867400   -0.00050900 
 
 
  2.32 dimer 
 
E: -1637.518192 
H: -1637.517248 
G: -1637.612277 
Thermal Correction to Enthalpy: 0.441823 
Thermal Correction to Gibbs Free Energy: 0.346795 
SPE uM062x: -1637.82404 
 
0 1 
 C                 -0.93340900   -0.51693500    1.33881700 
 C                 -2.07227300   -1.22725700    0.92976400 
 C                 -2.52429300   -2.33187500    1.65057900 
 C                 -1.80481300   -2.70375000    2.79179500 
 C                 -0.67915600   -1.99388400    3.21237100 
 C                 -0.23988600   -0.88225200    2.48704500 
 C                 -0.69403400    0.64770500    0.40123300 
 C                 -1.81655000    0.45303600   -0.65885300 
 H                 -3.40039500   -2.87610600    1.33280700 
 H                 -2.14294900   -3.56409200    3.36288000 
 H                 -0.14594200   -2.29842400    4.10807200 
 H                  0.61515000   -0.30279800    2.81639000 
 N                 -2.61518700   -0.63831800   -0.25317700 
 C                 -3.72805100   -1.15481400   -0.96428300 
 O                 -4.32876300   -2.12004800   -0.53016400 
 C                 -0.91806000    1.95038900    1.20453000 
 O                 -0.19928300    2.31236300    2.10859800 
 O                 -2.06103400    2.55729600    0.86459600 
 C                 -2.35939700    3.76438600    1.59087600 
 H                 -1.58348600    4.51008700    1.40335600 
 H                 -3.32065800    4.10227600    1.20453100 
 H                 -2.41885700    3.56040100    2.66268300 
 C                 -4.12629800   -0.47504400   -2.25240500 
 H                 -4.36134100    0.58084700   -2.09615100 
 H                 -3.31178800   -0.50658700   -2.98099300 
 H                 -4.99938900   -1.00813700   -2.63219200 
 O                 -1.96835800    1.12708300   -1.65051800 
 C                  0.69693700    0.62172700   -0.34698900 
 C                  1.98319800    0.64553800    0.46641000 
 C                  0.80408300   -0.74863700   -1.06972000 
 C                  2.71961700   -0.52382900    0.21982500 
 C                  2.52475900    1.65771300    1.25413600 
 C                  3.96929900   -0.73202100    0.80057000 
 C                  3.77638500    1.46064400    1.84375000 
 H                  1.97534800    2.57514600    1.41456900 
 C                  4.48000800    0.27630300    1.62374800 
 H                  4.52083600   -1.64006700    0.61190500 
 H                  4.20062900    2.23831000    2.47197300 
 H                  5.45210800    0.13049300    2.08677100 
 C                  0.75589600    1.81561100   -1.32097500 
 O                  0.46508800    2.94349600   -0.99224700 
 O                  1.25629100    1.46857900   -2.51198400 
 C                  2.46200600   -2.63869700   -1.13455000 
 O                  3.51239500   -3.08361300   -0.71382400 
 O                 -0.04057000   -1.22429600   -1.79727900 
 C                  1.61071900   -3.39660700   -2.12535500 
 H                  0.62517500   -3.62535600   -1.71134900 
76 
 
 H                  1.43712600   -2.81659600   -3.03542800 
 H                  2.14706000   -4.31811800   -2.35711000 
 C                  1.38280200    2.54229100   -3.46625300 
 H                  2.05065100    3.31589300   -3.07980700 
 H                  1.79815300    2.08329400   -4.36296000 
 H                  0.40076000    2.97474700   -3.66961100 
 N                  2.00929400   -1.36461900   -0.69313200 
 
 
  2.32 Pd 
Adduct 
 
E: -1173.934248 
H: -1173.933304 
G: -1174.011748 
Thermal Correction to Enthalpy: 0.279318 
Thermal Correction to Gibbs Free Energy: 0.200874  
SPE: -1173.895106 
 
0 1 
 Pd                -1.07839800   -0.49411100   -0.03208000 
 O                 -2.56211000   -2.00294200    0.41395200 
 C                 -3.03341500   -1.25122600    1.32632300 
 O                 -2.49290100   -0.10683700    1.51731000 
 C                 -4.17937500   -1.69982300    2.18968900 
 H                 -4.79774800   -0.84451200    2.47331000 
 H                 -4.77625800   -2.44945000    1.66530400 
 H                 -3.78128500   -2.15057700    3.10652600 
 C                  0.35063500    1.01793300   -0.46541600 
 C                  1.34489900    1.19254800    0.64529300 
 O                  1.42218400    2.07147700    1.47164700 
 C                  0.78271200   -0.14400400   -1.20888500 
 C                  1.89007800   -0.75202100   -0.53217900 
 C                  2.39971600   -1.96053400   -0.96942300 
 C                  1.76522500   -2.58881600   -2.06446400 
 C                  0.65827400   -2.04364300   -2.70300100 
 C                  0.14438700   -0.80139300   -2.28716800 
 H                  3.24820500   -2.41281400   -0.47855300 
 H                  2.16252900   -3.53992500   -2.40774800 
 H                  0.19770200   -2.56037000   -3.53861000 
 H                 -0.63788800   -0.29077300   -2.83597700 
 N                  2.25737700    0.07472600    0.55250300 
 C                  3.33193800   -0.21135500    1.43165700 
 O                  4.01885100   -1.19750100    1.23695700 
 C                  3.58091800    0.73086300    2.58477600 
 H                  2.70545500    0.80704500    3.23530900 
 H                  4.43281900    0.33321900    3.13863700 
 H                  3.79368000    1.74425900    2.23462400 
 C                 -0.40118900    2.14455100   -1.09103300 
 O                 -0.84914900    2.10211800   -2.22378700 
 O                 -0.55269500    3.18321600   -0.26084400 
 C                 -1.31874000    4.28354000   -0.78002200 
 H                 -2.33360800    3.95918100   -1.02469200 
 H                 -1.33286900    5.02435900    0.01896500 
 H                 -0.84590100    4.69040400   -1.67769100 
 
 
  2.33 
 
E: -650.67036 
H: -650.669415 
G: -650.722424 
Thermal Correction to Enthalpy: 0.201503 
Thermal Correction to Gibbs Free Energy: 0.148495  
SPE uM06: -650.632428 
SPE uM062x: -650.8052917 
 
0 1 
 C                  1.41056800    0.80280700    0.29070200 
 C                  0.79779500   -0.17311200   -0.51011500 
 C                  1.45397500   -1.36525000   -0.81216100 
 C                  2.73868900   -1.57749800   -0.30709200 
 C                  3.35481100   -0.60604400    0.48840800 
 C                  2.69461000    0.58784900    0.78968000 
 C                  0.51920800    2.00328300    0.48014700 
 C                 -0.69446200    1.70794200   -0.41158400 
 C                 -0.58543600    0.25858900   -0.95672000 
 H                  0.97113300   -2.11775500   -1.43036000 
 H                  3.26253600   -2.50157000   -0.53576500 
 H                  4.35579000   -0.77988500    0.87405500 
 H                  3.17975700    1.34020500    1.40668900 
 H                  0.17329500    2.12339700    1.51628400 
 H                  0.97488100    2.95746300    0.18802800 
 C                 -1.68079300   -0.64616800   -0.40054000 
 O                 -2.28602600   -1.47456000   -1.04057900 
 O                 -1.86021500   -0.42609000    0.91936900 
 O                 -1.58687800    2.47656600   -0.67534500 
 C                 -2.85315000   -1.25083100    1.55501400 
 H                 -2.57427300   -2.30534600    1.48409700 
 H                 -2.87650800   -0.92841300    2.59604100 
 H                 -3.82808300   -1.10480600    1.08354100 
 H                 -0.70846600    0.25998700   -2.04460700 
 
  2.33 
monomer 
 
E: -650.056691 
H: -650.055746 
G: -650.10861 
Thermal Correction to Enthalpy: 0.188868 
Thermal Correction to Gibbs Free Energy: 0.136004 
SPE uM06: -650.0014893 
SPE uM062x: -650.1692559 
 
77 
 
0 2 
 C                  1.75050200    0.82702200    0.00007700 
 C                  0.83964300   -0.27582500    0.00005000 
 C                  1.33647000   -1.60214400   -0.00002400 
 C                  2.70948000   -1.80080800   -0.00009800 
 C                  3.59731100   -0.71087400   -0.00003500 
 C                  3.11768000    0.60681200    0.00002500 
 C                  0.98986800    2.12208900    0.00006700 
 C                 -0.48695500    1.68129300   -0.00001400 
 C                 -0.50339700    0.20188100    0.00002500 
 H                  0.63943500   -2.43063200   -0.00004900 
 H                  3.10583700   -2.81232900   -0.00020000 
 H                  4.66878300   -0.89151300   -0.00009800 
 H                  3.81359300    1.44174700    0.00002500 
 H                  1.19084000    2.74541900    0.88054400 
 H                  1.19091500    2.74548500   -0.88034700 
 C                 -1.68984200   -0.67172700    0.00005700 
 O                 -1.63838900   -1.89334000    0.00010800 
 O                 -2.84614300    0.01582200   -0.00001800 
 O                 -1.43462500    2.44932300   -0.00011900 
 C                 -4.03566400   -0.78662100   -0.00004500 
 H                 -4.07245500   -1.42175800    0.88948000 
 H                 -4.86188800   -0.07559300   -0.00012900 
 H                 -4.07237100   -1.42186600   -0.88949700 
 
  2.33 dimer 
 
E: -1300.151182 
H: -1300.150238 
G: -1300.230225 
Thermal Correction to Enthalpy: 0.381764 
Thermal Correction to Gibbs Free Energy: 0.301777  
SPE uM062x: -1300.416189 
 
0 1 
 C                 -2.31293700    1.57177600   -0.56249900 
 C                 -1.65641900    0.74416800    0.36655500 
 C                 -1.99917900    0.81211200    1.72029600 
 C                 -2.94741400    1.74898900    2.13678200 
 C                 -3.56939100    2.59723300    1.21644100 
 C                 -3.25926100    2.50393400   -0.14075300 
 C                 -1.88939700    1.28386900   -1.97604400 
 C                 -0.72340900    0.32228100   -1.80033600 
 C                 -0.70753700   -0.23939200   -0.33908800 
 H                 -1.52444200    0.15679400    2.43713300 
 H                 -3.20544400    1.81170100    3.19045600 
 H                 -4.30513900    3.32181800    1.55529000 
 H                 -3.75549200    3.14594000   -0.86444600 
 H                 -2.67733600    0.78375400   -2.55656300 
 H                 -1.56877000    2.15925300   -2.55219300 
 C                 -1.38546800   -1.62253800   -0.25070300 
 O                 -1.31250600   -2.34242400    0.71877900 
 O                 -2.14027000   -1.87623700   -1.33306800 
 O                  0.12563500    0.09806400   -2.63098200 
 C                 -2.81102300   -3.15133100   -1.33147700 
 H                 -3.48835500   -3.22439200   -0.47711900 
 H                 -3.36460700   -3.18889100   -2.26963300 
 H                 -2.07379700   -3.95587000   -1.28398700 
 C                  0.79302000   -0.40561300    0.09971400 
 C                  1.65331200    0.84916500    0.00029200 
 C                  1.49204900   -1.37011200   -0.92831200 
 C                  2.78021400    0.63916200   -0.81134300 
 C                  1.45321600    2.07477800    0.63669700 
 C                  2.81753300   -0.75646300   -1.37509100 
 C                  3.69993400    1.66763700   -1.00771700 
 C                  2.37745300    3.10232700    0.43270900 
 H                  0.60020900    2.22319100    1.28978500 
 H                  2.88385000   -0.79480100   -2.46755100 
 C                  3.49229600    2.90133100   -0.38624800 
 H                  4.57087400    1.51250600   -1.63980100 
 H                  2.22961700    4.06219300    0.92014800 
 H                  4.20526800    3.70767400   -0.53701200 
 O                  1.03535700   -2.42692300   -1.29093400 
 C                  0.96848900   -0.95883700    1.53144300 
 O                  0.57191500   -0.41322300    2.53749300 
 O                  1.73746300   -2.05975100    1.54269900 
 C                  1.98824600   -2.62674500    2.84079000 
 H                  2.63382800   -3.48627900    2.66051600 
 H                  2.48113900   -1.89758600    3.48873500 
 H                  1.04668200   -2.94065100    3.29732700 
 H                  3.64519400   -1.35878500   -0.97563100 
 
  2.33 Pd 
Adduct 
 
E: -1005.254423 
H: -1005.253478 
G: -1005.325321 
Thermal Correction to Enthalpy: 0.249432 
Thermal Correction to Gibbs Free Energy: 0.17759  
SPE: -1005.225187 
 
0 1 
 Pd                 0.72555100    0.31102300   -0.09809400 
 O                  2.61655900    1.34907200   -0.37152600 
 C                  3.20875900    0.39029800    0.21935500 
 O                  2.51708500   -0.60349600    0.63170300 
 C                  4.69305000    0.42778900    0.46342300 
 H                  5.10680700   -0.58340500    0.44055300 
 H                  5.18241000    1.06086700   -0.28026600 
 H                  4.88196000    0.85001200    1.45759300 
 C                 -1.09410700   -0.74454300    0.17113800 
 C                 -1.46412400   -0.83357900    1.63339700 
 O                 -1.38524300   -1.79427300    2.36520600 
 C                 -1.46636100    0.58856200   -0.27721400 
 C                 -1.90923100    1.39530400    0.82343700 
 C                 -2.13788300    2.74162300    0.63565000 
 C                 -1.89316900    3.31820300   -0.63141700 
 C                 -1.41529400    2.55951000   -1.69139400 
 C                 -1.19149500    1.17640900   -1.53804800 
 H                 -2.48740900    3.36457500    1.45458100 
78 
 
 H                 -2.07351200    4.38042000   -0.77136200 
 H                 -1.22620500    3.02487500   -2.65368800 
 H                 -0.93558800    0.54627500   -2.38161100 
 C                 -1.04261100   -1.91343500   -0.75479300 
 O                 -1.25884600   -1.84080600   -1.95315400 
 O                 -0.70633300   -3.04465900   -0.12185100 
 C                 -0.59101500   -4.20934400   -0.95475100 
 H                  0.18591300   -4.06333400   -1.71011200 
 H                 -0.32250200   -5.02016000   -0.27795100 
 H                 -1.54048100   -4.42015800   -1.45409900 
 C                 -2.01601900    0.54786500    2.06244700 
 H                 -1.44447700    0.93814700    2.91200800 
 H                 -3.05104100    0.42015900    2.40629100 
 
  2.34 
 
E: -727.072897 
H: -727.071953 
G: -727.131914 
Thermal Correction to Enthalpy: 0.231219 
Thermal Correction to Gibbs Free Energy: 0.171258  
SPE uM06: -727.0528869 
SPE uM062x: -727.230607 
 
0 1 
 C                  2.73340000   -0.03887200   -1.34360200 
 C                  3.69654600   -0.11400700   -0.33474600 
 C                  3.29439400   -0.17359500    0.99961300 
 C                  1.93608200   -0.15930800    1.32110800 
 C                  0.96613300   -0.07916900    0.31556300 
 C                  1.37669400   -0.02060700   -1.02311300 
 H                  3.03901000    0.00582600   -2.38563400 
 H                  4.75322300   -0.12800800   -0.58813800 
 H                  4.03510200   -0.23489800    1.79245600 
 H                  1.62710800   -0.21057500    2.36253200 
 H                  0.63079900    0.04152000   -1.80876900 
 C                 -0.51032600   -0.06371200    0.70031300 
 H                 -0.60903800   -0.35071300    1.74928500 
 C                 -1.21469200    1.29385900    0.58156100 
 O                 -2.07893800    1.65316500    1.35066400 
 C                 -1.29188500   -1.08654500   -0.12946100 
 O                 -1.82107900   -0.86284500   -1.19610700 
 O                 -0.78825800    2.01370400   -0.46573900 
 O                 -1.28533800   -2.28886300    0.47483600 
 C                 -1.46587100    3.26577400   -0.66874500 
 H                 -1.34818300    3.91039000    0.20598300 
 H                 -0.99389800    3.71257000   -1.54379900 
 H                 -2.53033600    3.09534500   -0.84845000 
 C                 -1.94083800   -3.34538400   -0.25036500 
 H                 -1.84641600   -4.23072200    0.37842700 
 H                 -2.99250100   -3.09866000   -0.41588200 
 H                 -1.45378700   -3.50397300   -1.21601300 
 
 
  2.34 
monomer 
 
E: -726.448984 
H: -726.44804 
G: -726.508101 
Thermal Correction to Enthalpy: 0.218083 
Thermal Correction to Gibbs Free Energy: 0.158022  
SPE uM06: -726.4118541 
SPE uM062x: -726.5846294 
 
0 2 
 C                  3.36041000   -1.20435700   -0.10097900 
 C                  4.06690500    0.00000300    0.00001100 
 C                  3.36041900    1.20437000    0.10099400 
 C                  1.97430600    1.21344100    0.10342400 
 C                  1.23095700    0.00001500   -0.00001400 
 C                  1.97429700   -1.21341700   -0.10342900 
 H                  3.89871400   -2.14482700   -0.18105100 
 H                  5.15341100   -0.00000400    0.00002000 
 H                  3.89872700    2.14483600    0.18107700 
 H                  1.44403800    2.15080700    0.20305300 
 H                  1.44401800   -2.15077700   -0.20306200 
 C                 -0.20407600    0.00001400   -0.00001700 
 C                 -0.98568900    1.25833400    0.14193100 
 O                 -0.68589500    2.21345600    0.83518000 
 C                 -0.98567400   -1.25832200   -0.14195100 
 O                 -0.68588000   -2.21341700   -0.83524000 
 O                 -2.09131000    1.23642800   -0.63680300 
 O                 -2.09125100   -1.23646100    0.63682400 
 C                 -2.93659500    2.39245500   -0.53529200 
 H                 -2.39246500    3.29449000   -0.82782100 
 H                 -3.76623400    2.20628500   -1.21778400 
 H                 -3.29980500    2.51323300    0.48893500 
 C                 -2.93651000   -2.39251800    0.53534000 
 H                 -3.76603400   -2.20644700    1.21799900 
 H                 -3.29989600   -2.51319100   -0.48883700 
 H                 -2.39228400   -3.29455600    0.82767200 
 
  2.34 dimer 
79 
 
 
E: -1452.935419 
H: -1452.934475 
G: -1453.024808 
Thermal Correction to Enthalpy: 0.440227 
Thermal Correction to Gibbs Free Energy: 0.349894  
SPE uM062x: -1453.250672 
 
0 1 
 C                  0.00000000    0.00000000    0.00000000 
 C                  0.00000000    0.00000000    1.39890000 
 C                  1.20264551    0.00000000    2.13703751 
 C                  2.40231616    0.02219014    1.39649856 
 C                  2.40106100    0.02136748   -0.00210063 
 C                  1.20001351    0.00775970   -0.70027987 
 C                  1.19995880    0.01708776    3.70894234 
 C                  1.31340293    1.52136995    4.30976840 
 C                  0.57050917    2.57935147    3.41535910 
 C                 -0.81349221    2.81662661    3.54096456 
 C                 -1.47412408    3.74846091    2.73391293 
 C                 -0.77152206    4.46306832    1.77170654 
 C                  0.59110508    4.24212063    1.61315168 
 C                  1.25306008    3.31079233    2.42022316 
 C                  0.75278049    1.51512911    5.76553745 
 C                  2.80775410    1.92801606    4.43688539 
 C                 -0.10324879   -0.65849400    4.21899652 
 C                  2.37113190   -0.83523647    4.28789396 
 O                  2.95740081   -0.59101986    5.33762280 
 O                  2.65141484   -1.93229313    3.52378391 
 C                  3.69619420   -2.76568967    4.03024115 
 O                  3.67688647    1.63494466    3.62081838 
 O                  3.05453471    2.71636733    5.52090477 
 C                  4.41495971    3.13285523    5.66471593 
 O                  0.37031273    2.75674368    6.18751812 
 O                  0.69724324    0.52374439    6.48603047 
 C                 -0.11989736    2.81036856    7.52894687 
 O                 -1.17670503   -0.07841473    4.35390944 
 O                  0.04098411   -1.99595999    4.43780692 
 C                 -1.14134681   -2.66268701    4.88777213 
 H                 -0.94349241    0.00510483   -0.54078856 
 H                 -0.97291047    0.02326771    1.88581176 
 H                  3.37380004    0.03042284    1.88651174 
 H                  3.34372916    0.03306387   -0.54402193 
 H                  1.19880124    0.01105106   -1.78697421 
 H                 -1.41679806    2.29049949    4.27811553 
 H                 -2.54182314    3.91246487    2.85952211 
 H                 -1.28537577    5.18443131    1.14201876 
 H                  1.14358483    4.78695639    0.85119606 
 H                  2.31359172    3.16430351    2.22530543 
 H                  3.83572634   -3.59509462    3.33156973 
 H                  4.63410802   -2.20580949    4.09615280 
 H                  3.41781292   -3.17598944    5.00576688 
 H                  5.07279398    2.26404349    5.76537172 
 H                  4.71515645    3.75304798    4.81457749 
 H                  4.49001542    3.73253746    6.57590824 
 H                 -0.40221909    3.84439943    7.74481292 
 H                 -1.00663467    2.17838597    7.63751685 
 H                  0.66189466    2.50927810    8.23311811 
 H                 -0.89388272   -3.71497472    5.05201481 
 H                 -1.48536398   -2.23492788    5.83454859 
 H                 -1.92460204   -2.60437024    4.12594272 
 
  2.34 Pd 
Adduct 
 
E: -1081.654473 
H: -1081.653529 
G: -1081.730164 
Thermal Correction to Enthalpy: 0.278644  
Thermal Correction to Gibbs Free Energy: 0.202009  
SPE: -1081.642398 
 
0 1 
 Pd                 0.94877200   -0.09390100   -0.20845300 
 O                  3.06813900   -0.53052700   -0.49489000 
 C                  2.83047200   -1.75616800   -0.25500800 
 O                  1.63253900   -2.12335700    0.00140100 
 C                  3.94301300   -2.77197700   -0.24294100 
 H                  3.60913200   -3.70102600   -0.71320600 
 H                  4.82259900   -2.37856600   -0.75675300 
 H                  4.21118600   -3.00010200    0.79531000 
 C                 -1.10417200    0.20597600    0.10449400 
 C                 -0.50053600    1.53763000    0.26825400 
 C                 -0.37322300    2.23531200    1.50853200 
 C                  0.22052000    2.03641700   -0.87041000 
 C                  0.41786500    3.36194900    1.58897000 
 H                 -0.91281600    1.86257600    2.36832000 
 C                  1.04190000    3.18063100   -0.74053500 
 H                  0.00421700    1.64621800   -1.85990600 
 C                  1.14128700    3.83487300    0.47075700 
 H                  0.48969000    3.89247100    2.53457900 
 H                  1.56828000    3.54963400   -1.61567400 
 C                 -1.58124800   -0.57865400    1.29638300 
 O                 -1.70082500   -0.17476700    2.43708900 
 O                 -1.81894600   -1.85418500    0.93714200 
 C                 -2.21984500   -2.73430900    1.99791000 
 H                 -3.15300300   -2.38858000    2.45102900 
 H                 -2.35592200   -3.70865200    1.52880800 
 H                 -1.44349400   -2.78320800    2.76568700 
 H                  1.76218400    4.72112700    0.56574900 
 C                 -1.87010700   -0.05418000   -1.17688100 
 O                 -1.40409500   -0.05744100   -2.29920000 
 O                 -3.18070600   -0.22653600   -0.92249500 
 C                 -4.00624200   -0.49371400   -2.06996900 
 H                 -5.01667900   -0.61120000   -1.67829100 
 H                 -3.95975900    0.33853600   -2.77687400 
 H                 -3.67605000   -1.40796800   -2.56963700 
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  2.35 
 
E: -748.454775 
H: -748.45383 
G: -748.513055 
Thermal Correction to Enthalpy: 0.288512 
Thermal Correction to Gibbs Free Energy: 0.229288  
SPE uM06: -748.3936066 
SPE uM062x: -748.6418603 
 
0 1 
 C                 -2.26713700    0.46688400   -0.06364500 
 C                 -0.88109700    0.53993700   -0.29633900 
 C                 -0.27709800    1.78064800   -0.44199800 
 C                 -1.06096300    2.94097200   -0.34086200 
 C                 -2.43237600    2.84933100   -0.10374200 
 C                 -3.06045500    1.60437700    0.03673300 
 C                 -1.58710600   -1.73291000   -0.12498600 
 H                  0.78962200    1.85510500   -0.62892700 
 H                 -0.59472100    3.91579400   -0.45111400 
 H                 -3.02899500    3.75453600   -0.02885300 
 H                 -4.12911400    1.53651000    0.21587900 
 C                 -0.33276400   -0.86753100   -0.35707900 
 H                  0.04373400   -1.10403400   -1.36166300 
 O                 -1.63724200   -2.94949200   -0.06761200 
 N                 -2.66496500   -0.87590600    0.03357200 
 C                 -4.01374000   -1.33693300    0.28418200 
 H                 -4.38625500   -0.95500600    1.24227900 
 H                 -4.69317400   -1.01398200   -0.51358600 
 H                 -3.98255800   -2.42739600    0.31543600 
 C                  0.76612400   -1.24627800    0.67079500 
 H                  0.43069000   -0.94850800    1.67098300 
 H                  0.82970700   -2.34109300    0.66739700 
 C                  2.12424700   -0.64371000    0.37997100 
 C                  2.64155200    0.39352700    1.16639800 
 C                  2.89865300   -1.11695300   -0.68997100 
 C                  3.89354400    0.94825300    0.89073100 
 H                  2.05790200    0.76923900    2.00351700 
 C                  4.14819800   -0.56530500   -0.97016300 
 H                  2.52103500   -1.93212400   -1.30421900 
 C                  4.65024100    0.47172800   -0.17998200 
 H                  4.27699800    1.75083900    1.51551400 
 H                  4.73354800   -0.94923100   -1.80170600 
 H                  5.62533600    0.90041100   -0.39530700 
 
  2.35 monomer 
 
E: -747.837836 
H: -747.836892 
G: -747.896836 
Thermal Correction to Enthalpy: 0.275447 
Thermal Correction to Gibbs Free Energy: 0.215503  
SPE uM06: -747.7613402 
SPE uM062x: -748.0053952 
 
0 2 
 C                 -1.21125200   -0.67300600    0.41869200 
 C                 -2.29788600    0.02139900   -0.21786500 
 C                 -3.38315300   -0.66182200   -0.75369900 
 C                 -3.38841500   -2.05861800   -0.65665600 
 C                 -2.33576600   -2.76140800   -0.03843100 
 C                 -1.25078100   -2.08229800    0.49830400 
 C                 -0.28866900    0.29474800    0.86038700 
 C                 -0.81720800    1.61073300    0.47281800 
 H                 -4.20224600   -0.13481800   -1.23321800 
 H                 -4.22699200   -2.61244300   -1.06970700 
 H                 -2.37690900   -3.84524800    0.01531400 
 H                 -0.43705000   -2.62418400    0.97175100 
 C                  1.02144700    0.13114600    1.56630400 
 H                  1.18806100    1.02310300    2.18187600 
 H                  0.97551200   -0.73119300    2.24172200 
 N                 -2.04520900    1.37884900   -0.17822300 
 C                 -2.88133900    2.43268200   -0.70934200 
 H                 -3.01825300    2.32105800   -1.79155200 
 H                 -3.86535800    2.43976700   -0.22536500 
 H                 -2.37428200    3.37790800   -0.50652000 
 O                 -0.32534200    2.72377100    0.65789200 
 C                  2.19706000   -0.04104800    0.60650100 
 C                  2.84801900   -1.27256500    0.48018300 
 C                  2.63646300    1.03991200   -0.17088700 
 C                  3.91982800   -1.42603000   -0.40222200 
 H                  2.52098700   -2.11764400    1.08266800 
 C                  3.70666300    0.88810800   -1.05184400 
 H                  2.13198300    1.99847400   -0.07942700 
 C                  4.35179600   -0.34553200   -1.17145600 
 H                  4.41713400   -2.38914100   -0.48490000 
 H                  4.03930400    1.73598700   -1.64523500 
 H                  5.18644800   -0.46213300   -1.85769900 
 
 
81 
 
  2.35 dimer 
 
E: -1495.716639 
H: -1495.715695 
G: -1495.808483 
Thermal Correction to Enthalpy: 0.556239 
Thermal Correction to Gibbs Free Energy: 0.463451  
SPE uM062x: -1496.093872 
 
0 1 
 C                  2.07108400    0.62543200    1.64718600 
 C                  1.39789300    0.93631500    0.45289800 
 C                  1.40185900    2.24665400   -0.00839500 
 C                  2.06244900    3.23693000    0.73519200 
 C                  2.71367300    2.91005300    1.92452900 
 C                  2.73004800    1.59274600    2.39885500 
 C                  1.24864700   -1.39563800    0.93614100 
 H                  0.89984600    2.51093200   -0.93365300 
 H                  2.06585400    4.26299800    0.37881600 
 H                  3.22207400    3.68447400    2.49276400 
 H                  3.24511700    1.33774700    3.31959200 
 C                  0.78962600   -0.33955100   -0.11516000 
 O                  1.06758100   -2.60279700    0.89075700 
 N                  1.97875500   -0.74472100    1.90692900 
 C                  2.53267500   -1.41773300    3.06191200 
 H                  3.62019100   -1.28708400    3.10348600 
 H                  2.08597600   -1.02970800    3.98455700 
 H                  2.29625900   -2.47804700    2.96339800 
 C                  1.40200300   -0.73805100   -1.49634300 
 H                  0.94728900   -1.68436600   -1.80376000 
 H                  1.10853400    0.02332800   -2.22438300 
 C                  2.91306200   -0.89013500   -1.52852000 
 C                  3.51694300   -2.12110900   -1.23135000 
 C                  3.73627100    0.18613500   -1.88742900 
 C                  4.90383200   -2.26696800   -1.28316100 
 H                  2.89347500   -2.96480000   -0.95005900 
 C                  5.12319300    0.04283500   -1.94039900 
 H                  3.28651000    1.14596500   -2.12774100 
 C                  5.71226800   -1.18555000   -1.63721600 
 H                  5.35176300   -3.23006300   -1.05179500 
 H                  5.74222600    0.89061800   -2.22267800 
 H                  6.79219300   -1.30049600   -1.68190300 
 C                 -0.80426000   -0.26632500   -0.16702500 
 C                 -1.34541800    0.87755000   -1.01282000 
 C                 -2.02791200    1.77891600   -0.17616600 
 C                 -1.32888100    1.11191800   -2.38237200 
 C                 -2.65335200    2.92015800   -0.66642700 
 C                 -1.94937400    2.26074300   -2.89848100 
 H                 -0.85078700    0.41246500   -3.06160200 
 C                 -2.59744800    3.15417300   -2.04593400 
 H                 -3.17445400    3.60574300   -0.00567600 
 H                 -1.92924800    2.44783100   -3.96809800 
 H                 -3.07689400    4.03972900   -2.45409000 
 C                 -1.45486900   -1.63533800   -0.56637600 
 H                 -1.21331500   -1.82414300   -1.61793400 
 H                 -0.96933000   -2.41706300    0.02070500 
 C                 -2.95977900   -1.71414100   -0.38589500 
 C                 -3.50743400   -2.14398600    0.83270700 
 C                 -3.83637900   -1.39584700   -1.43267800 
 C                 -4.88916700   -2.24158900    1.00104900 
 H                 -2.84139300   -2.39709700    1.65238600 
 C                 -5.21878400   -1.49378600   -1.26773700 
 H                 -3.43229000   -1.07127200   -2.38815700 
 C                 -5.75045800   -1.91614800   -0.04841700 
 H                 -5.29219600   -2.58024400    1.95222600 
 H                 -5.87932600   -1.24497900   -2.09456100 
 H                 -6.82670600   -1.99766500    0.08056400 
 O                 -1.09487200   -0.46966500    2.28989300 
 N                 -1.97802500    1.33265000    1.14861900 
 C                 -2.58642100    1.99636300    2.28221100 
 H                 -2.16124000    2.99706800    2.42161100 
 H                 -3.67059900    2.08276600    2.14532200 
 H                 -2.37881700    1.38721600    3.16320600 
 C                 -1.28684100    0.14203200    1.25119000 
 
  2.35 Pd Adduct 
 
E: -1103.032144 
H: -1103.0312 
G: -1103.109035 
Thermal Correction to Enthalpy: 0.336206 
Thermal Correction to Gibbs Free Energy: 0.258371 
SPE: -1102.985393 
 
0 1 
 Pd                 1.57495300   -0.28650900   -0.28450300 
 O                  3.70407900   -0.48722600   -0.80388400 
 C                  3.76950300   -1.49634400   -0.03562900 
 O                  2.71912600   -1.88579900    0.58295800 
 C                  5.07140400   -2.22400800    0.18215800 
 H                  4.89404000   -3.29948900    0.26695500 
 H                  5.76597400   -2.01341800   -0.63389800 
 H                  5.51957400   -1.88321500    1.12296000 
 C                 -0.47697400   -0.27163200    0.22094700 
 C                 -0.67331900    0.12399200    1.66537700 
 O                 -0.95238700   -0.58725400    2.61394500 
 C                 -0.23908500    0.97695600   -0.47160600 
 C                 -0.15022700    2.03174500    0.50428100 
 C                  0.22887000    3.31016900    0.14131500 
 C                  0.57697800    3.53980400   -1.20792300 
 C                  0.56268300    2.52783100   -2.16025300 
 C                  0.16054200    1.22294000   -1.80482000 
 H                  0.27689800    4.11492200    0.86760700 
 H                  0.87780300    4.54152900   -1.50200500 
 H                  0.84833700    2.73878400   -3.18542200 
 H                  0.05026200    0.45553700   -2.56455900 
 N                 -0.47743400    1.51620300    1.74671500 
 C                 -0.44084600    2.23838700    3.00183900 
 H                  0.56598000    2.62293600    3.20665300 
 H                 -1.14912500    3.07414200    2.98999600 
 H                 -0.72474800    1.53473000    3.78622900 
 C                 -1.21255500   -1.49711900   -0.29009900 
82 
 
 H                 -0.98997400   -2.32019200    0.39728900 
 H                 -0.81505800   -1.78124000   -1.27031400 
 C                 -2.71928600   -1.29363700   -0.39167800 
 C                 -3.30420300   -0.91324800   -1.60668700 
 C                 -3.54607200   -1.47105100    0.72693500 
 C                 -4.68208000   -0.71267400   -1.70633400 
 H                 -2.67727500   -0.78253700   -2.48650600 
 C                 -4.92403600   -1.27071400    0.62913200 
 H                 -3.10224500   -1.75929800    1.67545100 
 C                 -5.49674200   -0.89079700   -0.58664000 
 H                 -5.11841900   -0.42366600   -2.65903800 
 H                 -5.55149700   -1.41628600    1.50470100 
 H                 -6.57018300   -0.73860700   -0.66201200 
 
  2.36 
 
E: -703.738894 
H: -703.73795 
G: -703.793045 
Thermal Correction to Enthalpy: 0.188635 
Thermal Correction to Gibbs Free Energy: 0.13354  
SPE uM06: -703.6987761 
SPE uM062x: -703.858152 
 
0 1 
 C                 -3.69682100   -0.60930500    0.14263600 
 C                 -2.76539300   -0.82185200    1.16208900 
 C                 -1.42014300   -0.51988100    0.96087100 
 C                 -0.99837200    0.00167700   -0.26980800 
 C                 -1.93543500    0.21981100   -1.28616200 
 C                 -3.28068500   -0.08842300   -1.08281300 
 H                 -4.74430400   -0.84877000    0.30446900 
 H                 -3.08689800   -1.22630300    2.11768100 
 H                 -0.69796100   -0.68608700    1.75168100 
 H                 -1.61200300    0.63164900   -2.23898400 
 H                 -3.99983600    0.08154600   -1.87907000 
 C                  0.44446600    0.36423900   -0.51421600 
 N                  0.81814300    1.58285300    0.34470800 
 O                  0.71885700    2.68198200   -0.18041900 
 O                  1.14847100    1.36195600    1.50602900 
 C                  1.46777500   -0.73949000   -0.20398600 
 O                  1.22100700   -1.81767300    0.27784300 
 O                  2.68846000   -0.32502400   -0.58147700 
 C                  3.76751600   -1.23948700   -0.30511400 
 H                  3.60881200   -2.18312400   -0.83272000 
 H                  4.66779500   -0.74147500   -0.66385200 
 H                  3.83228000   -1.43105500    0.76858800 
 H                  0.59330200    0.70999800   -1.53754000 
 
  2.36 
monomer 
 
E: -703.110534 
H: -703.109589 
G: -703.164893 
Thermal Correction to Enthalpy: 0.175496 
Thermal Correction to Gibbs Free Energy: 0.120193  
SPE uM06: -703.0543385 
SPE uM062x: -703.2078379 
 
0 2 
 C                 -3.78338500   -0.54318100    0.00540800 
 C                 -3.29492300    0.76959900   -0.01260500 
 C                 -1.93156000    1.01268300   -0.02042000 
 C                 -0.99918900   -0.06589300   -0.00709800 
 C                 -1.51509900   -1.39452600    0.01128100 
 C                 -2.88379200   -1.61570800    0.01614400 
 H                 -4.85398600   -0.72670000    0.01067000 
 H                 -3.98585500    1.60756100   -0.02341600 
 H                 -1.57609600    2.03596700   -0.05049400 
 H                 -0.82123100   -2.22375300    0.02801100 
 H                 -3.25613400   -2.63610700    0.03026500 
 C                  0.40376600    0.18410500    0.00546100 
 N                  0.84651600    1.58642300    0.04846200 
 O                  1.31519100    1.98089400    1.11114700 
 O                  0.69859300    2.26332200   -0.96641300 
 C                  1.49111800   -0.80643900    0.00832000 
 O                  1.34000000   -2.01340900    0.09643500 
 O                  2.69449100   -0.21367400   -0.13166300 
 C                  3.82339100   -1.10271500   -0.13794800 
 H                  3.74867600   -1.80909300   -0.96879400 
 H                  4.69486500   -0.45906600   -0.25462000 
 H                  3.87598400   -1.65838500    0.80183100 
 
  2.36 dimer 
 
E: -1406.264618 
H: -1406.263673 
G: -1406.344539 
Thermal Correction to Enthalpy: 0.355152 
Thermal Correction to Gibbs Free Energy: 0.274286 
SPE uM062x: -1406.502533 
 
0 1 
 C                  0.00000000    0.00000000    0.00000000 
 C                  0.00000000    0.00000000    1.58450000 
 C                  1.55405592    0.00000000    2.13115981 
 C                  2.34135617   -1.24802926    1.54005116 
 C                  0.22164777    1.19707029   -0.70656405 
 C                  0.26207691    1.22565393   -2.09728293 
 C                  0.08984583    0.04942047   -2.81686578 
 C                 -0.12017185   -1.15342381   -2.15350587 
 C                 -0.16119770   -1.17773556   -0.76262316 
 C                  2.83303462   -1.21665633    0.22052841 
 C                  3.50837027   -2.29821214   -0.33613530 
 C                  3.70478704   -3.44867295    0.41753232 
83 
 
 C                  3.22671450   -3.52227209    1.72022874 
 C                  2.55218407   -2.43688586    2.27189082 
 N                 -0.84942946    1.20458931    2.04020390 
 C                  1.72565850   -0.01368618    3.70286031 
 C                 -0.84556026   -1.23583480    2.08611024 
 N                  2.30182227    1.28492687    1.73132399 
 O                 -1.78872315    1.58467278    1.33995480 
 O                 -0.63416393    1.73272322    3.12490919 
 O                  1.71774511    2.36118970    1.79708023 
 O                  3.49943798    1.24234469    1.45153885 
 O                  3.02280048    0.07200876    4.10347876 
 O                  0.78018282   -0.12306995    4.48638234 
 C                  3.35877610    0.07189932    5.48326294 
 O                 -0.38050426   -2.12409034    2.80255166 
 O                 -2.12594069   -1.24042156    1.62733258 
 C                 -3.02464359   -2.27905575    1.98824270 
 H                  0.34629072    2.13341315   -0.18630186 
 H                  0.42460245    2.16006604   -2.61428534 
 H                  0.12185467    0.07036050   -3.89638836 
 H                 -0.24379258   -2.06791833   -2.71478450 
 H                 -0.29663069   -2.13947162   -0.29095194 
 H                  2.69341962   -0.34049142   -0.39547379 
 H                  3.87639556   -2.24273766   -1.35019250 
 H                  4.22799511   -4.29051181   -0.01187737 
 H                  3.37359156   -4.42020399    2.30226091 
 H                  2.18473839   -2.54845171    3.28110080 
 H                  4.43960860    0.15122818    5.59991640 
 H                  2.89954194    0.91696389    5.99828806 
 H                  3.03216065   -0.85024745    5.96622121 
 H                 -3.99657521   -2.10208059    1.52790506 
 H                 -2.65974439   -3.24929796    1.64800802 
 H                 -3.16417681   -2.31813657    3.06967803 
 
  2.36 Pd 
Adduct 
 
E: -1058.316314 
H: -1058.31537 
G: -1058.387751 
Thermal Correction to Enthalpy: 0.235931 
Thermal Correction to Gibbs Free Energy: 0.16355  
SPE: -1058.28594 
 
0 1 
 Pd                 0.82238300    0.12044000   -0.10256900 
 O                  2.18514500   -1.43175000    0.47138700 
 C                  3.17615400   -0.69516300    0.14067000 
 O                  2.95133800    0.45860900   -0.34906700 
 C                  4.58312000   -1.17968700    0.36390200 
 H                  5.26593300   -0.69435700   -0.33729600 
 H                  4.89175400   -0.92083200    1.38373900 
 H                  4.63197100   -2.26636200    0.25997600 
 C                 -1.17989000   -0.29483500    0.18672400 
 C                 -1.19766600    1.14785400   -0.04965100 
 C                 -0.61207600    1.59295900   -1.27912600 
 C                 -1.48768100    2.10783500    0.96215200 
 C                 -0.31722900    2.96486400   -1.45271300 
 H                 -0.58262100    0.92280200   -2.13127200 
 C                 -1.20876400    3.44112700    0.74776000 
 H                 -1.94464200    1.78609500    1.89197500 
 C                 -0.60744500    3.87507100   -0.45499200 
 H                  0.11223400    3.29343300   -2.39411000 
 H                 -1.44957600    4.16690300    1.51912100 
 H                 -0.38998300    4.92957000   -0.59656900 
 C                 -1.62911000   -1.29184800   -0.84746100 
 O                 -1.82998200   -1.03095400   -2.01636600 
 O                 -1.71572200   -2.51738400   -0.31477000 
 C                 -2.08185100   -3.57080200   -1.22477600 
 H                 -2.10931100   -4.47570100   -0.61890500 
 H                 -3.06132000   -3.36799800   -1.66462400 
 H                 -1.33703400   -3.65839500   -2.01965900 
 N                 -1.58874500   -0.68234000    1.57639900 
 O                 -2.79849100   -0.77012700    1.77326000 
 O                 -0.71243700   -0.84130200    2.41506500 
  2.37 
 
E: -458.792387 
H: -458.791443 
G: -458.831274 
Thermal Correction to Enthalpy: 0.129819 
Thermal Correction to Gibbs Free Energy: 0.089988  
SPE uM06: -458.7474105 
SPE uM062x: -458.8736882 
 
0 1 
 C                  0.12852000   -0.62972700   -0.00006700 
 C                  0.18174900    0.76511500    0.00002000 
 C                  1.41769700    1.39983300   -0.00005400 
 C                  2.57863700    0.61541800   -0.00022100 
 C                  2.49621900   -0.77994600   -0.00030600 
 C                  1.25729500   -1.43256800   -0.00023400 
 C                 -2.04899300   -0.03555800    0.00021800 
 C                 -1.23586200    1.26345100    0.00018900 
 H                  1.48681200    2.48440000    0.00000700 
 H                  3.55193500    1.09725200   -0.00028300 
 H                  3.40667300   -1.37260300   -0.00043100 
 H                  1.17570300   -2.51412900   -0.00029300 
 H                 -1.50801300    1.85707700   -0.88084500 
 O                 -1.17043700   -1.11279400    0.00003900 
 O                 -3.23666800   -0.18784800    0.00037000 
 H                 -1.50783500    1.85703400    0.88130400 
 
  2.37 
monomer 
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E: -458.16993 
H: -458.168985 
G: -458.208927 
Thermal Correction to Enthalpy: 0.116776 
Thermal Correction to Gibbs Free Energy: 0.076835  
SPE uM06: -458.1105038 
SPE uM062x: -458.2332949 
 
0 2 
 C                 -0.08500600   -0.64626200    0.00003800 
 C                 -0.13917700    0.78186900   -0.00003700 
 C                 -1.40201500    1.42174200    0.00005200 
 C                 -2.54273200    0.63528400    0.00022300 
 C                 -2.45446600   -0.77383800    0.00029500 
 C                 -1.22048400   -1.43627700    0.00019500 
 C                  2.04774700    0.04592300   -0.00010700 
 C                  1.19043100    1.21861200   -0.00021900 
 H                 -1.46749200    2.50564700   -0.00001200 
 H                 -3.52203900    1.10432100    0.00029500 
 H                 -3.36807500   -1.36128900    0.00042200 
 H                 -1.14957600   -2.51848000    0.00024000 
 H                  1.57796900    2.22764200   -0.00038200 
 O                  1.19612700   -1.09819100   -0.00009700 
 O                  3.24930200   -0.08182800   -0.00030300 
 
  2.37 dimer 
 
E: -916.40045 
H: -916.399506 
G: -916.457685 
Thermal Correction to Enthalpy: 0.239675 
Thermal Correction to Gibbs Free Energy: 0.181495  
SPE uM062x: -916.555955 
 
0 1 
 C                 -2.62626400    0.26776500   -0.17178000 
 C                 -1.30207000    0.53772500   -0.52116300 
 C                 -0.83643500    1.84754600   -0.47246200 
 C                 -1.71573900    2.85859300   -0.06412100 
 C                 -3.03638400    2.55848900    0.28235200 
 C                 -3.51923800    1.24531300    0.23176900 
 C                 -1.82350200   -1.76687200   -0.68774900 
 C                 -0.66670200   -0.77096600   -0.91002100 
 H                  0.18772100    2.08434500   -0.74522900 
 H                 -1.36711900    3.88595100   -0.01730100 
 H                 -3.70384200    3.35573900    0.59684000 
 H                 -4.54029700    0.99516900    0.49827500 
 O                 -2.94697900   -1.07673100   -0.28252900 
 O                 -1.81381800   -2.95441000   -0.84823200 
 H                 -0.42439900   -0.80641300   -1.98108600 
 C                  0.59866300   -1.22454500   -0.14218600 
 C                  1.86883300   -0.46144400   -0.40500600 
 C                  0.43677500   -1.05934800    1.37889200 
 C                  2.35026000   -0.01154000    0.82522700 
 C                  2.58647900   -0.18059900   -1.56230900 
 C                  3.52285200    0.71242100    0.96258200 
 C                  3.77507800    0.55336100   -1.45730100 
 H                  2.23739400   -0.52428800   -2.53273500 
 C                  4.23393400    0.99113400   -0.21102400 
 H                  3.86520800    1.04432100    1.93675200 
 H                  4.34658800    0.78104200   -2.35208700 
 H                  5.15876700    1.55730600   -0.14760200 
 O                  1.52747500   -0.36846500    1.88180200 
 O                 -0.46128800   -1.43249500    2.07830600 
 H                  0.71762300   -2.29856800   -0.34478400 
 
  2.37 Pd 
Adduct 
 
E: -813.371092 
H: -813.370148 
G: -813.428833 
Thermal Correction to Enthalpy: 0.177621 
Thermal Correction to Gibbs Free Energy: 0.118937  
SPE: -813.3318677 
0 1 
 Pd                 0.63928900   -0.07853300    0.29285900 
 O                  2.30659500   -1.31550100   -0.38898700 
 C                  3.05057300   -0.28698600   -0.33993900 
 O                  2.54503700    0.82534300    0.04707100 
 C                  4.49790300   -0.34363700   -0.74639200 
 H                  5.11148400    0.20218200   -0.02389600 
 H                  4.83054400   -1.38071300   -0.82292600 
 H                  4.61799800    0.14536300   -1.71993200 
 C                 -0.87710900    1.17471400    1.01573200 
 C                 -1.33848100    2.17568600    0.01286900 
 O                 -2.14216000    1.48749700   -0.94522800 
 O                 -1.15138900    3.35350900   -0.08470600 
 C                 -1.56622700   -0.04675300    0.67778700 
 C                 -2.23152200    0.18308500   -0.56627900 
 C                 -2.86148800   -0.82758000   -1.25695800 
 C                 -2.78514700   -2.12626200   -0.70985700 
 C                 -2.09822800   -2.39794500    0.47143300 
 C                 -1.47030000   -1.36247100    1.18821900 
 H                 -3.37848200   -0.63263500   -2.18996300 
 H                 -3.27188500   -2.94076800   -1.23861200 
 H                 -2.05490600   -3.41311900    0.85176700 
 H                 -1.01083700   -1.55087200    2.15340400 
 H                 -0.63569200    1.52517800    2.01374700
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2.7.3 Nucleophilicity Data 𝜇E = -0.5 (I + A) = Chemical Potential 𝜂N = I – A = Chemical Hardness 𝜔- = 0.5𝜂N (𝜇N - 𝜇E)2 / (𝜂N + 𝜂E)2 
I = Vertical Ionization Energy (HOMO) 
A = Electron Affinity (LUMO) 
 
Monomer Radical IE A 𝜇E 𝜂N 𝜔- 
2.01 7.23251801 3.5121754 -5.3723467 3.72034261 0.05547497 
2.07 6.65862958 3.02019329 -4.8394114 3.63843629 0.02214248 
2.27 6.7737338 3.10944668 -4.9415902 3.66428712 0.02737165 
2.28a 6.23304328 2.6705268 -4.451785 3.56251649 0.00736726 
2.28b 6.74325703 3.05964982 -4.9014534 3.68360722 0.02527566 
2.29 7.50898583 3.49203896 -5.5005124 4.01694687 0.06619238 
2.3 5.77044948 2.08330478 -3.9268771 3.6871447 7.0394E-07 
2.31 6.0719518 2.51542182 -4.2936868 3.55652998 0.00362715 
2.32 7.43279391 3.57013568 -5.5014648 3.86265823 0.06604956 
2.33 7.25020542 3.25802092 -5.2541132 3.99218449 0.04712108 
2.34 7.12720989 2.83161828 -4.9794141 4.2955916 0.0298274 
2.35 6.65237096 2.55923217 -4.6058016 4.09313879 0.0124442 
2.36 7.54436065 3.28359964 -5.4139801 4.26076101 0.05935027 
 
Table 2.2 Radical Nucleophilicity Data 
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2.7.4 BDE Data  
Substrate Dimer C-C BDE (kcal/mol) Substrate C-H BDE (kcal/mol) 
2.01 24.3 73.0 
2.07 27.2 68.0 
2.27 32.5 75.0 
2.28a 34.0 75.3 
2.28b 36.4 77.0 
2.29 38.8 80.2 
2.30 25.5 76.6 
2.31 27.9 76.7 
2.32 44.8 79.6 
2.33 46.2 80.3 
2.34 48.5 86.2 
2.35 48.8 80.3 
2.36 51.9 89.0 
2.37 52.2 82.8 
 
Table 2.3 Substrate and Dimer BDE 
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Chapter 3 EXPERIMENTAL MECHANISTIC STUDIES 
3.1 Introduction 
In order to interrogate the computational proposals made in Chapter 2, 
mechanistic experiments were carried out. EPR spectroscopy was performed 
under different conditions to analyze the nature of the radical species in the 
reaction. Different catalytic inhibitors were also used to determine if the active 
catalyst is heterogeneous or homogeneous. To try and rank the efficacy of the 
different substrates, kinetics experiments were conducted. The substrates used 
were the same as those used in calculations in Chapter 2 (Figure 3.1). 
 
Figure 3.1 Substrates (blue), Dimers (red), and Products (green) Examined 
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3.2 EPR Analysis 
To fully examine the presence and nature of paramagnetic species in the 
reaction mixture, electron paramagnetic resonance (EPR) spectra were 
collected. All samples were prepared in the glovebox under an inert N2 
atmosphere to ensure no O2 was present. The EPR tube caps had septum 
inserts to ensure a tight, air-free seal. Spectra were collected of 3.07 in benzene 
as well as 3.07 in benzene with Pd(OAc)2 at room temperature (Figure 3.2). Each 
signal likely arises from the monomer radical resulting from homolysis of the 
dimer C–C bond. Despite the fact that the signal with Pd(OAc)2 is larger, there is 
no influence from 105Pd on the shape of the signal. When the orange spectrum is 
amplified it overlaps almost perfectly with the blue spectrum, indicating that they 
are caused by the same species. Since the two signals are identical, it seems 
unlikely that Pd(OAc)2 is coordinating or combining with the radical to form a 
different paramagnetic species. It is clear that there is radical formation under 
reaction conditions, and it is likely that this species is independent of palladium. 
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Figure 3.2 EPR Spectra of 3.07 in Benzene (Orange) and 3.07 with Pd(OAc)2 in Benzene 
(Blue) (Left) and An Overlay of Each Spectra (Right) 
Samples of pure substrate in benzene as well as cyanoacetate dimer in 
benzene gave no signal, indicating no presence of paramagnetic species. The 
absence of a paramagnetic species with the malononitrile 3.01 in benzene 
serves as a control to show that the signal from the dimer is unique to the dimer. 
The absence of signal for the cyanoacetate dimer likely arises from the higher C–
C BDE, which is supported by calculations. It is possible that the malononitrile 
dimer bond is sufficiently weak that at room temperature it homolyzes to produce 
sufficient monomer radical species to be observed by EPR. However, since the 
cyanoacetate dimer bond is stronger, it appear that a similar homolysis does not 
produce sufficient monomer radical species at room temperature to be observed 
by EPR.  With reactions involving these dimers at temperatures at 90 °C or 
higher, access to similar monomer radical species as observed here is possible. 
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3.3 Heterogeneous Experiments 
While exploring different Pd sources, Dr. Charles Hendrick discovered that 
1 equivalent of 10% Pd/C gave quantitative yield of 3.13 in the presence of 3.01 
and toluene (Scheme 3.1). Initially included as a control, this reaction was 
puzzling because the source of oxidant was unclear. Under standard reaction 
conditions, the PdII(OAc)2 serves as the oxidant when coupling substrate to 
toluene, and when sub-stoichiometric catalyst loadings are used a terminal 
oxidant is required. In this reaction with 10% Pd/C, there are two possibilities: the 
Pd sample could have been contaminated with some PdII, or it was producing 
product via a different mechanism than observed with Pd(OAc)2.  
 
Scheme 3.1 Benzylation of 3.01 with 10% Pd/C in Toluene 
To further explore this anomaly, a new bottle of 10% Pd/C was purchased 
and was found to give only a 12% yield. However, it became clear that the active 
catalyst may be heterogeneous. An observed byproduct of the reaction with 
Pd(OAc)2 is a black solid on the reaction vessel, assumed to be heterogeneous 
Pd0. The formation of this solid Pd0 occurs quickly as a result of the oxidation of 
substrate to monomer, so it is feasible that the active catalyst is actually the Pd0 
and unrelated to the Pd(OAc)2.  
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There are a variety of different ways to determine if a reaction is 
heterogeneous. One of the classic methods to determine heterogeneity is the 
mercury drop test in which a drop of elemental mercury is added to the reaction 
mixture. The mercury will inhibit a heterogeneous catalyst while it will not inhibit a 
homogenous catalyst. Postdoctoral fellow Dr. Prakash Basnet performed the 
mercury poisoning experiments with azlactone 3.02 (Scheme 3.2). The results 
show clear inhibition of the benzylation of the azlactone, which supports 
heterogeneous Pd0 as the catalyst. A weakness of this test is that the elemental 
mercury may also inhibit a homogenous catalyst as well. Thus, further 
experiments were designed to distinguish these possibilities. 
 
Scheme 3.2 Mercury Poisoning Results 
Another test for heterogeneity utilizes dibenzo[a,e]cyclooctene (DCT).55,56 
Cyclooctatetraene is a classic example of a fully conjugated ring that distorts 
from planarity to avoid an antiaromatic electron configuration. The two benzene 
rings on cyclooctatetraene give rise to a “tub-shaped” DCT which is an excellent 
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chelating ligand. Coordination of monomeric Pd species by DCT is highly 
favorable would thus result in inhibition of homogeneous catalytic pathways 
(Scheme 3.3). On the other hand, DCT does not bind as strongly to the surfaces 
of a heterogeneous catalyst. With Pd(OAc)2 the yield declined significantly upon 
the addition of DCT, but with 10% Pd/C the yield declined less 10% (Scheme 
3.3). Clearly the heterogeneous catalyst is almost unaffected by the DCT 
supported a heterogenous catalyst. The effect on the Pd(OAc)2 may be due to 
sequestration of the Pd(OAc)2 which would it prevent it from effectively 
converting into the heterogeneous form. 
 
Scheme 3.3 Structure of DCT and Results of DCT Inhibition Experiments 
Moving forward, it is important to consider the heterogeneity of the catalyst 
in proposing reasonable mechanistic pathways. Previous calculations in Chapter 
2 center on homogenous species since monomeric structures were examined. It 
is possible that heterogeneous catalyst can undergo similar reactivity, but 
different types of specialized calculations are required to model a heterogeneous 
system. A future goal would be to pursue such calculations.  
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3.4 Kinetics 
3.4.1 Method 
The proposed mechanism of the benzylation of the carbon nucleophiles 
can be broken down into two distinct step: oxidation of the substrate to the 
monomer and coupling of the monomer to the benzyl palladium species (Figure 
3.3). These two steps appear independent of each other, and the rates of each 
will depend on the nature of the substrate. To understand what parameters 
influence substrate success as discussed in Chapter 2, kinetic data were needed 
for each step for each substrate. From there, the relative rates can be compared 
to the parameters to determine the factors that drive reactivity. 
 
Figure 3.3 Conversion of Monomer to Dimer and Dimer to Benzylated Product 
To start, the six substrates were synthesized, and from there each dimer 
was also synthesized. For the kinetics experiments, concentrations were 
determined by HPLC using an internal standard. To establish response factors, 
1H NMR spectra were collected of each compound with a given amount of 
internal standard (4,4’-di-t-butylbiphenyl) and were then each analyzed HPLC. 
Using these two sets of data, response factors were calculated for each 
monomer, dimer, and product.  
X H X X X Bn
1 2
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3.4.2 Step 1: Substrate Oxidation to Monomer 
The first attempt to measure the rate of substrate to monomer oxidation 
used Pd(OAc)2 in benzene at 100 °C (Figure 3.4). These conditions effectively 
mimic the standard reaction conditions but without the toluene that is needed for 
the second step of the reaction. Plots of dimer formation over time has some 
confusing results (top of Figure 3.4). Substrate 3.07 plateaus below 50% yield, 
and 3.09 concentration decreases after 2 h. These results may be due to 
competing pathways or decomposition, so substrate consumption was examined 
instead (bottom of Figure 3.4). In this assay, substrates 3.04 and 3.05 behaved 
well, while 3.01, 3.02, and 3.03 were mostly consumed before the first time point 
was collected. 
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Figure 3.4 Kinetics for Step 1 Shown in Formation of Dimer (top) and Consumption of 
Substrate (bottom) 
 
In an attempt to slow the substrate consumption for these fast substrates, 
the same experiment was conducted but at 60 °C with the 3.04 and 3.02 (Figure 
3.5).  Unfortunately 3.02 was still gone within five minutes, when the first time 
point was collected. The kinetics experiments were run at room temperature, but 
3.01, 3.02, and 3.03 were completely consumed within two minutes. The 
samples collected were filtered through Celite, and the filtrate was a deep red. 
After sitting on the bench for thirty minutes, this red color had dissipated, leaving 
a yellow solution with black particulates. These samples were subjected to 
LCMS, which showed only dimer. As discussed in Chapter 1, the red color is 
most likely from a palladium-substrate adduct.  It seems likely that other 
substrates all form this intermediate, but it is less stable and thus more 
susceptible to disproportionation compared to that from malononitrile. The 
products of the disproportionation are dimer and palladium black, which explains 
the black particulate matter observed in the samples.  
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Figure 3.5 Step 1 Kinetics at 60 °C 
Going forward, instead of trying to measure the rate of oxidation for each 
substrate, Dr. Prakash Basnet measured relative oxidative reactivities via 
competition experiments (Figure 3.6). Substrate 3.06 was the least oxidized, 
followed by 3.04, 3.05, 3.03, 3.01 and 3.02. These results follow the trend of 
substrate C–H BDEs discussed in Chapter 2 (Figure 2.9).  
 
Figure 3.6 Step 1 Kinetic Competition Experiments With Rates Relative to 3.06 
The natural log of relative reactivities were plotted against substrate 
BDEs, and the linear relationship has an R2 of 0.87 (Figure 3.7). The data from 
X H X X
1 equiv Pd(OAc)2
0.1 M Benzene
60 °C
0
0.02
0.04
0.06
0.08
0.1
0 50 100 150 200 250
[s
ub
str
at
e]
 (m
ol
ar
)
time (min)
3.04 3.02
X1 H X1 X10.5 equiv Pd(OAc)2
0.1 M THF
rt
X2 H X2 X2
3.06     1
3.04     1.4
3.05     2.8
3.03     3.3
3.01     4.3
3.02     30
 97 
the competition experiments support the claim that the determining factor for 
monomer oxidation to dimer is substrate C–H BDE, which is logical since 
hydrogen atom abstraction is necessary for monomer formation.  
 
Figure 3.7 Logarithmic Plot of Relative Reactivity against Substrate BDE 
3.4.3 Step 2: Monomer to Product 
Once the substrate oxidizes to monomer, the monomer then reacts with a 
tolyl-palladium species to form product (Chapter 2, Figure 2.4). In order to 
understand what parameters influence substrate reactivity in this step, kinetic 
data were collected. The first set of kinetic data was collected upon treating each 
dimer (which would homolyze under reaction conditions to form monomer) with 
Pd(OAc)2 and toluene at 120 °C (Figure 3.8). Unfortunately, a significant 
induction period that varied for the substrates was present. We theorized that this 
induction period was need to transfer the soluble Pd(II) species into 
heterogeneous Pd(0). 
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Figure 3.8 Step 2 Kinetics with Pd(OAc)2 
To eliminate this induction period, Pd0 nanoparticles and PivOH were 
substituted for Pd(OAc)2. Under these reaction conditions, the theoretical yield 
would be 50% since there is no co-oxidant, and one equivalent of monomer (half 
an equivalent of dimer) will be reduced to substrate. Unfortunately, there was still 
an induction period with the Pd0 nanoparticles (Figure 3.9). A possible 
explanation for this induction period is that the Pd0 nanoparticles and PivOH 
have to combine in solution to form the active catalyst, so the Pd0, PivOH, and 
toluene were stirred at 120 °C for 30 min before adding the dimer. 
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Figure 3.9 Two Different Trials of Step 2 Kinetics with 3.10 
The final issue to overcome was adding the dimer (all white crystalline 
powders) to the reaction mixture in an effective way. Upon pouring the solid in, a 
significant amount adhered to the vertical walls of the reaction vessel (a 
microwave vial) which would decrease the concentration of dimer in the reaction 
and therefore the rate.  This problem hindered reproducibility as judged by 
experiments run in duplicate on the same day at the same time resulting in 
different slopes (Figure 3.10). To eliminate this variable and ensure complete 
addition of dimer, stock solutions were made in THF which could then be added 
cleanly to the reaction mixture.  
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Figure 3.10 Two Different Trials of Step 2 Kinetics with 3.08 with Catalyst Preheating 
At this point, Dr. Basnet took over the kinetics experiments and was able 
to successfully produce first order rate data in duplicate for all dimers except 
3.04. By plotting ln[dimer]/time, rate constants were obtained, and these rate 
constants served as the measure for how quickly each monomer undergoes 
benzylation. All parameters from Chapter 2 were compared to the rate constants, 
and the one that had the strongest correlation was the nucleophilicity parameters 
(Figure 3.11). Oddly, the rate constants decrease with an increase in 
nucleophilicity parameter.  
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Figure 3.11 Correlation Between Rate Constants and  Nucleophilicity Parameters 
This negative correlation between the rate constants and the 
nucleophilicity parameters shown in Figure 11 was initially confusing, so the rate 
constants were compared to the components that went into calculating the 
nucleophilicity parameters. There was a positive correlation between the rate 
constants and the HOMO energy of each radical monomer (Figure 3.12). This 
discovery was a surprise since the orbital energies were not parameters initially 
examined, but it is helpful in explaining the reactivity. A higher HOMO energy 
indicates a more reactive nucleophile, so this trend supports the hypothesis that 
the monomers are acting as nucleophiles on an electrophilic tolyl species.   
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Figure 3.12 Correlation Between Rate Constants and Radical HOMO Energy 
3.5 Conclusions and Future Directions 
The EPR and DCT experiments show that the reaction involves radical 
character and a heterogeneous catalyst. Upon performing kinetics experiments 
to parametrize the two steps of the reaction it was discovered that the substrate 
C–H BDEs predicts the likelihood of monomer formation from substrate, and 
monomer HOMO energy predicts the likelihood of product formation from dimer.  
Both of these parameters support the mechanistic hypotheses from Chapter 2 
that Pd(OAc)2 is responsible for abstracting a hydrogen atom in order to oxidize 
the substrate to monomer and that the monomer formed acts as a nucleophile 
towards some electrophilic tolyl species. 
In the future I think it would be worthwhile to look at the unsuccessful 
substrates for both steps of the reaction. It is possible that some of the substrates 
that formed no product simply could not be oxidized to the monomer radical. 
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Therefore, it is possible that these dimers would form product if exposed to 
reaction conditions. The unsuccessful substrates need to be examined further. 
3.6 Experimental 
3.6.1 General Considerations 
All non-aqueous reactions were carried out under an atmosphere of dry 
argon unless otherwise noted. Commercial reagents were used as received 
without additional purification unless otherwise noted. Anhydrous toluene was 
purchased from Acros in 100 mL Sure-Seal bottles and stored in the glovebox. 
Anhydrous benzene was purchased from Sigma Aldrich and stored in the 
glovebox. Reactions were monitored by thin layer chromatography (TLC) using 
Silicycle, glass-backed TLC plates with 250 µm silica and F254 indicator. 
Visualization was accomplished by UV light.  
1H NMR, 13C NMR spectra were recorded on a AM-500 Fourier transform 
NMR spectrometer at 500 MHz and 125 MHz, respectively. Chemical shifts are 
reported relative to the solvent resonance peak δ 7.26 (CDCl3) for 1H NMR 
spectra and δ 77.16 (CDCl3) for 13C NMR spectra. Data are reported as follows: 
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, b = 
broad singlet, m = multiplet), coupling constants, and number of protons. 
Accurate mass measurement analyses were conducted on either a GCMS with 
electron ionization (EI). The signals were mass measured (TOF) against an 
internal lock mass reference of perfluorotributylamine (PFTBA) for EI-GCMS, and 
leucine enkephalin for ESI-LCMS. Waters software calibrates the instruments, 
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and reports measurements, by use of neutral atomic masses; the mass of the 
electron is not subtracted (positive ions) or added (negative ions). Infrared 
spectra are reported in cm-1. Unless otherwise noted, yields refer to isolated 
material on the basis of product purity (≥95%) by 1H NMR following silica gel 
chromatography with Silica-P flash silica gel (50- 63 µm mesh particle size).  
3.6.2 Synthesis 
Materials preparation: Arlymalononitrile 3.01 used in this study was 
prepared according to the literature.57 Azlactone 3.02 and azlactone dimer 3.08 
used in this study were prepared according to the literature.11 Benzofuranone 
3.03 used in this study was prepared according to the literature.58 Oxindoles 3.04 
and 3.05 used in this study were prepared according to the literature.59 
Cyanoarylacetate 3.06 used in this study was prepared according to the 
literature.60 All benzylated products 3.13–3.18 and cyanoarylacetate dimer 3.12 
used in this study were prepared according to the literature.18  
 
3,-phenyl-3H-benzofuran-2-one 3.03 (210 mg, 1.00 mmol) was charged to 
a flame-dried round bottom flask under Ar. Dry CH2Cl2 (5.0 mL, 0.2 M) was 
added followed by PCC (108 mg, 0.50 mmol, 0.5 equiv). The reaction mixture 
was stirred at room temperature for 15 min after which CH2Cl2 was removed. The 
O
O
3.09
O
O
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residue was purified by chromatography (10% EtOAc/Hexanes) to provide 
product Rac/Meso-3,3’-diphenyl-3,3’-dibenzofuran-2,2’-(3H,3’H)-dione 3.09 as a 
mixture of diastereomers in 33% yield (68.7 mg, 0.164 mmol):61 HRMS (EI-TOF) 
calculated for C28H18O4 [M]+ m/z = 418.1205; found 418.1212. 
 
3-(4’-methoxyphenyl)-1-methylindolin-2-one 3.04 (50.7 mg, 0.20 mmol) 
and CCl4 (0.8 mL, 0.25 M) were charged to a flame-dried microwave tube 
equipped with stir bar. The vial was capped, filled with Ar, and heated to 80 °C. A 
solution of K3[Fe(CN)6] (72.4 mg, 0.22 mmol, 1.1 equiv) and KOH (22.4 mg, 0.40 
mmol, 2.0 equiv) in H2O (0.67 mL, 0.3 M) was added dropwise. The reaction 
mixture was stirred at 80 °C for 2 h and was then cooled to room temperature. 
The organic layer was separated and the aqueous layer was extracted with CCl4. 
The combined organic layers were washed with brine, dried over Na2SO4, 
filtered, and concentrated. The mixture was purified by chromatography (10% 
EtOAc/Hexanes) to provide product rac/meso-1,1’,3,3’-tetrahydro-1,1’-dimethyl-
3,3’-di(4,4’-methoxyphenyl)-2H,2’H-3,3’-biindole-2,2’-dione 3.10 as a mixture of 
diastereomers in 90% yield (45.7 mg, 0.0906 mmol):62 HRMS (EI-TOF) 
calculated for C32H28N2O4 [M]+ m/z = 504.2049; found 504.2059. 
N
O
Me
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N
O
Me
OMe
MeO
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3-(4’-(trifluoromethyl)phenyl)-1-methylindolin-2-one 3.05 (74.2 mg, 0.26 
mmol) and CCl4 (0.85 mL, 0.3 M) were charged to a flame-dried microwave tube 
equipped with stir bar. The vial was capped, filled with Ar, and heated to 80 °C. A 
solution of K3[Fe(CN)6] (92.2 mg, 0.280 mmol, 1.1 equiv) and KOH (28.6 mg, 
0.509 mmol, 2.0 equiv) in H2O (0.51 mL, 0.5 M) was added dropwise. The 
reaction mixture was stirred at 80 °C for 2 h and was then cooled to room 
temperature. The organic layer was separated and the aqueous layer was 
extracted with CCl4. The combined organic layers were washed with brine, dried 
over Na2SO4, filtered, and concentrated. The mixture was purified by 
chromatography (10% EtOAc/Hexanes) to provide product rac/meso-1,1’,3,3’-
tetrahydro-1,1’-dimethyl-3,3’-di(4,4’-(trifluormethyl)phenyl)-2H,2’H-3,3’-biindole-
2,2’-dione 3.11 as a mixture of diastereomers in 38% yield (28.4 mg, 0.0490 
mmol): HRMS (EI-TOF) calculated for C32H22F6N2O2 [M]+ m/z = 580.1585; found 
580.1592. 
3.6.3 Kinetics Data for Figures 
All samples were prepared in the glovebox under N2 atmosphere and all 
reactions were conducted on IKA plates with reactor blocks. When heated, 
N
O
Me
3.11
N
O
Me
F3C
CF3
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samples were briefly removed from the block for each time point. Aliquots were 
collected with an Ar inlet to ensure inert atmosphere in the reaction vessel. 
Aliquots were filtered through Celite to remove any Pd0 nanoparticles after which 
they were concentrated, dissolved in acetonitrile, and evaluated by HPLC.  
 
Table 3.1 Response Factors for Substrates, Dimers, and Products 
 
Table 3.2 Dimer Formation Data for Figure 3.4 
Substrate mmol IS NMR IS/S mmol 
monomer 
HPLC IS/S Response Factor 
(HPLC/NMR) 
3.01 0.000998 0.0433 0.0230485 2.229 51.48 
3.02 0.000998 0.339 0.00294395 0.8967 2.65 
3.03 0.000998 0.111 0.00899099 3.907 35.20 
3.04 0.000998 0.208 0.00479808 0.5993 2.88 
3.05 0.000998 0.1 0.00998 0.2651 2.65 
3.06 0.000998 0.06 0.01663333 5.732 95.53 
3.07 0.000998 0.397 0.00251385 0.8859 2.23 
3.08 0.000998 0.163 0.0061227 0.19719 1.21 
3.09 0.000998 0.2497 0.0039968 0.90701 3.63 
3.10 0.000998 0.09862 0.01011965 0.053062 0.54 
3.11 0.000998 0.3892 0.00256423 0.61204 1.57 
3.12 0.000998 0.108 0.00924074 3.62 33.52 
3.13 0.000998 0.341 0.00292669 11.41 33.46 
3.14 0.000998 0.789 0.00126489 1.4135 1.79 
3.15 0.000998 0.42 0.00237619 10.66 25.38 
3.16 0.000998 0.232 0.00430172 0.78249 3.37 
3.17 0.000998 0.269 0.00371004 1.3799 5.13 
3.18 0.000998 0.552 0.00180797 7.1551 12.96 
 
Time (min) 0 5 30 60 120 180 300 
3.08 (Molar) 0.0000 0.0245 0.0236 0.0233 0.0232 0.0234 0.0206 
3.09 (Molar) 0.0000 0.0299 0.0294 0.0356 0.0352 0.0280 0.0140 
3.07 (Molar) 0.0000 0.0034 0.0139 0.0197 0.0218 0.0223 0.0213 
3.11 (Molar) 0.0000 0.0057 0.0079 0.0112 0.0253 0.0357 0.0368 
3.10 (Molar) 0.0000 0.0017 0.0024 0.0033 0.0049 0.0114 0.0232 
 
 108 
 
Table 3.3 Substrate Loss Data for Figure 3.4 
 
Table 3.4 Substrate Loss Data for Figure 3.5 
 
Table 3.5 Relative Reactivity Data for Figure 3.7 
 
Table 3.6 Dimer to Product Data with Pd(OAc)2 for Figure 3.8 
 
Time (min) 5 30 60 120 180 300 
3.02 (Molar) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
3.03 (Molar) 0.0181 0.0149 0.0054 0.0022 0.0022 0.0022 
3.01 (Molar) 0.0022 0.0067 0.0080 0.0081 0.0065 0.0108 
3.05 (Molar) 0.0708 0.0622 0.0511 0.0262 0.0011 0.0011 
3.04 (Molar) 0.0933 0.0905 0.0857 0.0752 0.0582 0.0225 
 
Time (min) 10 20 30 60 90 150 210 
3.04 (Molar) 0.09398886 0.09426444 0.09370661 0.09319626 0.09209603 0.09055533 0.08887136 
3.02 (Molar) 0.0002 0.0001 0.0001 0.0001 0.0001 0 0 
 
Substrate Monomer BDE 
(kcal/mol) 
relative reactivity ln(relative reactivity) 
3.02 68.0 30.00 3.401197382 
3.01 73.0 4.30 1.458615023 
3.04 75.3 1.40 0.336472237 
3.05 77.0 2.80 1.029619417 
3.03 75.0 3.30 1.193922468 
3.06 80.2 1.00 0 
 
Time (min) 5 30 60 120 180 300 
3.08 (Molar) 0.00094685 0.01090166 0.07161788 0.07509654 
  
3.09 (Molar) 0 0.00771791 0.0183277 0.07325158 0.0822171 0.09089451 
3.12 (Molar) 0 0.01671297 0.02750514 0.05030192 0.06288577 0.06845182 
3.07 (Molar) 0 0.00733762 0.01044591 0.01355145 0.01801451 0.05524096 
3.11 (Molar) 0.00029278 0.00213225 0.0053528 0.01781943 0.03702191 0.1003001 
3.10 (Molar) 0.0001237 0.00146265 0.00976587 0.03422724 0.07953554 0.093498 
 
Time (min) 5 10 20 30 60 90 120 150 180 
Trial 1 (Molar) 
 
0.000 0.000 0.000 0.017 0.041 
 
0.033 
 
Trial 2 (Molar) 0.000 
  
0.003 0.022 
 
0.051 
 
0.052 
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Table 3.7 Dimer to Product Data with 3.10 and Pd0 for Figure 3.9 
 
Table 3.8 Dimer to Product Data with 3.08 and Catalyst Preheating for Figure 3.10 
 
Table 3.9 Dimer to Product Rate Constants and Nucleophilicity Parameters for Figure 3.11 
 
Table 3.10 Dimer to Product Rate Constants and HOMO Energy for Figure 3.12 
 
3.6.4 Raw Data For First Order Kinetics 
 
 
Time (min) 10 20 30 60 90 150 230 
Trial 1 (Molar) 0.0014396 0.00327715 0.00552177 0.01357203 0.02142668 0.03553013 0.05108864 
Trial 2 (Molar) 0.00184764 0.00514623 0.00828848 0.01816194 0.02812526 0.04655066 
 
 
Substrate Nucleophilicity Parameter Rate Constant (min-1) 
3.09 0.027 0.0059 
3.11 0.025 0.0042 
3.08 0.022 0.006 
3.12 0.066 0.00076 
3.07 0.055 0.0025 
 
Substrate HOMO Energy (eV) Rate Constant (min-1) 
3.08 -0.2447 0.006 
3.09 -0.24893 0.0059 
3.12 -0.27595 0.00076 
3.11 -0.24781 0.0042 
3.07 -0.26579 0.0025 
 
a) Pd0, PivOH, 0.2 M toluene,
    120 °C, 30 min
b) X–H 0.2 M THF
X–Bn
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Figure 3.13 Loss of Dimer Kinetics for 3.07 
 
 
Table 3.11 Data for Figure 3.13 
 
time (min) Trial 1 (Molar) Trial 2 (Molar) 
0 0.05 0.05 
10 0.0489 0.04735 
20 0.04524 0.04674 
30 0.04496 0.04576 
60 0.04251 0.04287 
90 0.04077 0.04174 
150 0.0386 0.0391 
210 0.03723 0.03757 
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Figure 3.14 Linear Portion of Ln Plot of Figure 3.13 
 
 
Table 3.12 Data for Figure 3.14 
 
time (min) ln(Trial 1) ln(Trial 2) 
0 -2.99573 -2.99573 
10 -3.05019 -3.01798 
20 -3.06315 -3.09577 
30 -3.08434 -3.10198 
60 -3.14958 -3.15802 
90 -3.1763 -3.19981 
150 -3.24163 -3.2545 
210 -3.28155 -3.29064 
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Figure 3.15 Loss of Dimer Kinetics for 3.08 
 
 
Table 3.13 Data for Figure 3.15 
 
time (min) Trial 1 (Molar) Trial 2 (Molar) 
0 0.06 0.06 
10 0.05947 0.05933 
20 0.05886 0.05859 
30 0.05782 0.05761 
60 0.05257 0.05361 
90 0.0462 0.05013 
150 0.02957 0.02931 
210 0.02128 0.02374 
330 0.01937 0.01873 
480 0.0175 0.00842 
600 0.01545 0.00545 
720 0.01349 0.00334 
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Figure 3.16 Linear Portion of Ln Plot of Figure 3.15 
 
 
Table 3.14 Data for Figure 3.16 
 
time (min) ln(Trial 1) ln(Trial 2) 
0 -2.81341 -2.81341 
10 -2.82228 -2.82464 
20 -2.83259 -2.83719 
30 -2.85042 -2.85406 
60 -2.94561 -2.92602 
90 -3.07478 -2.99314 
150 -3.52099 -3.52983 
210 -3.84999 -3.74059 
330 -3.94403 -3.97763 
480 -4.04555 -4.77715 
600 -4.17015 -5.21214 
720 -4.30581 -5.70178 
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Figure 3.17 Loss of Dimer Kinetics for 3.09 
 
 
Table 3.15 Data for Figure 3.17 
 
time (min) Trial 1 (Molar) Trial 2 (Molar) 
0 0.05 0.05 
10 0.04713 0.04726 
20 0.04518 0.04513 
30 0.04408 0.04307 
60 0.0356 0.03859 
90 0.02839 0.02915 
150 0.01437 0.01708 
210 0.01514 0.01595 
360 0.01293 0.01623 
480 0.01126 0.01425 
600 0.0109 0.01373 
720 0.00943 0.01261 
 
 115 
 
Figure 3.18 Linear Portion of Ln Plot of Figure 3.17 
 
 
Table 3.16 Data for Figure 3.18 
 
time (min) ln(Trial 1) ln(Trial 2) 
0 -2.99573 -2.99573 
10 -3.05485 -3.05209 
20 -3.0971 -3.09821 
30 -3.12175 -3.14493 
60 -3.33541 -3.25476 
90 -3.56172 -3.5353 
150 -4.24261 -4.06985 
210 -4.19042 -4.1383 
360 -4.34821 -4.12089 
480 -4.4865 -4.251 
600 -4.51899 -4.28817 
720 -4.66386 -4.37327 
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Figure 3.19 Loss of Dimer Kinetics for 3.11 
Figure Loss of Dimer Kinetics for 3.11 
 
 
Table 3.17 Data for Figure 3.19 
 
time (min) Trial 1 (Molar) Trial 2 (Molar) 
0 0.07 0.07 
10 0.06973 0.06976 
20 0.0695 0.06937 
30 0.06897 0.06799 
60 0.06605 0.06449 
90 0.06021 0.05613 
150 0.04648 0.04016 
210 0.03463 0.03099 
360 0.01973 0.01754 
480 0.01514 0.01066 
600 0.01284 0.00701 
720 0.00711 0.00432 
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Figure 3.20 Linear Portion of Ln Plot of Figure 3.19 
 
 
Table 3.18 Data for Figure 3.20 
 
time (min) ln(Trial 1) ln(Trial 2) 
0 -2.65926 -2.65926 
10 -2.66312 -2.66269 
20 -2.66643 -2.6683 
30 -2.67408 -2.68839 
60 -2.71734 -2.74125 
90 -2.80992 -2.88008 
150 -3.06873 -3.21488 
210 -3.36303 -3.47409 
360 -3.92561 -4.04327 
480 -4.19042 -4.54126 
600 -4.35519 -4.96042 
720 -4.94625 -5.4445 
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Figure 3.21 Loss of Dimer Kinetics for 3.12 
 
 
Table 3.19 Data for Figure 3.21 
 
time (min) Trial 1 (Molar) Trial 2 (Molar) 
0 0.05 0.05 
10 0.05 0.05 
20 0.05 0.05 
30 0.05 0.05 
60 0.05 0.0488 
90 0.04816 0.04814 
150 0.04571 0.04607 
210 0.04267 0.04293 
360 0.03957 0.03959 
480 0.03561 0.03483 
600 0.03265 0.03236 
720 0.03199 0.03108 
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Figure 3.22 Linear Portion of Ln Plot of Figure 3.21 
 
 
Table 3.20 Data for Figure 3.22 
 
 
time (min) ln(Trial 1) ln(Trial 2) 
0 -2.99573 -2.99573 
10 -2.99573 -2.99573 
20 -2.99573 -2.99573 
30 -2.99573 -2.99573 
60 -3.02002 -2.99573 
90 -3.03364 -3.03323 
150 -3.07759 -3.08544 
210 -3.14818 -3.15426 
360 -3.22918 -3.22968 
480 -3.35728 -3.33513 
600 -3.43083 -3.42191 
720 -3.47119 -3.44233 
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Chapter 4 COMPUTATIONAL ANALYSIS OF A BLUE LED CATALYZED 
HECK COUPLING OF STYRENE DERIVATIVES AND VARIOUS C–I BONDS 
4.1 Background 
Light can play a multitude of roles in chemical reactions. One potential 
way light can help catalyze a reaction is by photoredox catalysis in which the light 
photoexcites a catalyst which can then oxidize or reduce the substrate.63 In these 
cases, the electronic transitions of the catalyst are highly relevant.  
While DFT is a valuable computational method for exploring geometries, 
transition states, and the conformational space of of both, time dependent 
density functional theory (TD-DFT) is necessary to evaluate electronic excitations 
in organometallic complexes.64–67 The most common use of TD-DFT is 
calculation of UV-Vis spectra, which provide information on the electronic 
excitations available for a given species. However, it is also possible to optimize 
an excited state structure, though it is very time-intensive and requires much 
greater computational resources.. 
A good example of a thorough computational investigation into an excited 
metal complex is the work of Tom Cundari on triphosphine gold (I) complexes.68 
He showed that the initial absorption occurs at 269 nm, which aligned closely 
with experimental values, and this transition represented an excitation of an 
electron from the 5dx2-y2 orbital to the 6pz orbital (Figure 4.1). While the initial 
excitation is to the first singlet excited state, the species undergoes an 
intersystem crossing to the first triplet excited state. From here it can 
phosphoresce back to the ground singlet state, which is represented by the 6pz 
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electron relaxing back to the 5dx2-y2, emitting a photon of 901 nm. This specific 
excitation is an example of a Jahn–Teller distortion, in which the geometry will 
shift so two degenerate orbitals become different in energy.69 This phenomenon 
only occurs when there is a net stabilization in energy, which is the case since 
5dx2-y2 (previously degenerate with 5dxy and fully occupied) becomes a singly 
occupied orbital. 
 
 
Figure 4.1 Gold(I) Electronic Excitation Studies by Cundari 
Also noteworthy of the gold(I) excitation is its Stokes Shift – the difference 
in absorption and emission wavelengths (Figure 4.2).70 Both electronic 
absorption and emission involve no geometry change – only a change in 
electronic configuration. However, once the electronic configuration changes, the 
nuclei move to a more stable geometry via vibrational relaxation. The greater the 
geometry change to the lowest vibrational state, the greater the energy change 
and the greater the difference in absorption and emission. In the work of Cundari, 
PH3
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PH3
Au PH3H3P
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the transition involves a ground state trigonal planar geometry to a T-shaped 
excited state geometry. 
 
Figure 4.2 Stokes Shift Diagram 
Another way light can enable a reaction is by photoexciting the substrate 
directly. This phenomenon is seen in a subset of pericyclic reactions explained 
by Woodward-Hoffman rules.70 To undergo a pericyclic reaction, the HOMO 
orbital symmetry must align with the desired transformation, which can be altered 
by exciting one electron from the HOMO to the LUMO. This excitation results in a 
new HOMO with a new symmetry and therefore different reactivity. 
Chen and coworkers did a thorough computational investigation into an 
intramolecular [2+2] photocycloaddition of coumarin derivatives.71 They used the 
complete active space self-consistent field (CASSCF) method (a 
multiconfigurational method) to perform their calculations. Unlike TD-DFT, 
CASSCF is a very accurate way to evaluate multiple electronic configurations, 
which is extremely valuable when evaluating molecules with low-lying excited 
states or photoexcitation reactions.72 However, CASSCF requires even greater 
computation resources and is time-intensive, so it is only feasible for smaller 
compounds.  
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By performing intrinsic reaction coordinate (IRC) calculations, Chen and 
coworkers were able to fully evaluate the photoexcitation of the coumarin 
derivatives (Figure 4.3). It begins by a vertical excitation to S1, which then 
undergoes a vibrational relaxation to an optimized geometry 4.04. It then 
undergoes an intersystem crossing (ISC) to a triplet charge transfer state 4.05 
where there is a partial charge separation upon separation of the unpaired 
electrons. The electron configuration then shifts to form 4.06, which then 
undergoes a bond formation to form 4.07. The final step is another ISC and 
sigma bond formation to give 4.08.  
 
Figure 4.3 Calculated [2 + 2] Cycloaddition Energy Diagram by Chen 
Through rigorous evaluation of all electronic configurations, Chen and 
coworkers were able to propose a reasonable mechanism for the 
photocycloaddition of coumarin derivatives. They showed that it is likely a 
stepwise reaction instead of the traditional, concerted [2+2]. Although more time- 
and resource-intensive, CASSCF proved to be a good method to evaluate 
energetics and the statistical probability of different configuration transitions. In 
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this pericyclic reaction, it is clear that the light plays a vital role in the full 
transformation.  
4.2 Introduction  
We began a collaboration with Dr. Vladimir Gevorgyan to computationally 
investigate blue LED catalyzed Heck reactions involving tertiary alkyl halides and 
styrene derivatives (Figure 4.4).73,74 The proposed difference between this 
reaction and a standard Heck reaction is the activation of the alkyl halide and its 
interaction with the Pd catalyst. Gevorgyan proposed that the Pd catalyst is 
excited by the blue light, after which it abstracts a halogen atom from the starting 
material. The resulting alkyl free radical couples to the styrene derivative, after 
which the benzylic radical couples to the PdII and undergoes b-hydride 
elimination.  
 
Figure 4.4 Gevorgyan Heck Coupling 
However, different substrates react differently under reaction conditions 
(Scheme 4.1). Three substrates were examined: phenyliodide 4.09, a primary 
phosphonic ester 4.12, and a tertiary phosphonic ester 4.14. Substrates 4.09 and 
4.12 do not form the product alkene in the absence of blue light, whereas 4.14 
does. This difference may be associated with the bond dissociation energy (BDE) 
of the tertiary C–I bond; it is possible that this bond can homolyze without the 
assistance of the photoexcited Pd catalyst.  
R2Pd(OAc)2, Xantphos, Cs2CO3,
PhH, blue LEDs, RT, 12 h
R2 I/BrR1 R1
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Scheme 4.1 Preliminary Experimental Results 
To further probe if the reaction undergoes a classic Heck type mechanism, 
Gevorgyan synthesized the oxidative addition intermediates and exposed them 
to reaction conditions (Scheme 4.2). In the absence of blue light, 4.16 and 4.17 
did not react. When exposed to blue light, 4.17 quantitatively returned to 4.12. On 
the other hand, 4.16 formed only a small amount of 4.09 and mostly 
decomposed. Furthermore, 4.17 formed product 4.13 in the present of blue light 
whereas 4.16 did not. It is possible that the oxidative addition intermediate does 
not play a role for either substrate, but 4.17 yields product because it first returns 
to starting material 4.12.  
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Scheme 4.2 Further Experimental Results With Oxidative Addition Intermediates 
The goal moving forward was to determine the role of the blue light and 
the different reactivities for the three substrates through DFT calculations. It was 
important to fully evaluate potential excitations of any intermediates or starting 
materials by the blue light. It is possible that light serves to transform the 
substrates themselves as seen with the work of Chen, or it is possible that the 
light excites the palladium catalyst which then activates the substrates.  
4.3 Method 
The Density Functional Theory (DFT) calculations were performed using 
Gaussian 09.23 The unrestricted B3LYP functional was used to perform all gas-
phase geometry optimizations, transition state optimizations, and frequency 
calculations.24–26 The 6-31G* basis set was used for small atoms (C, H, O), and 
the LANL2DZ basis set was used for large atoms along with polarization 
coefficients (Fe & Si, no polarization coefficients; P, d = 0.387; I, d = 0.289; Pd, f 
= 1.472).24,28,29,75,76  Solvated single-point calculations were performed with the 
unrestricted M06 functional.30 The 6-311++G** basis set was used for small 
atoms (C, H, O), and the SDD basis set was used for large atoms (Pd, P, I). The 
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IEFPCM solvation method was used with benzene as the solvent.77 All UV-Vis 
and excited electronic state calculations were performed using TD-DFT.  
4.4 Results 
4.4.1 Ground State Reaction Coordinates 
In order to understand the different reactivity of each substrate, the 
pathways for each were calculated through a standard oxidative addition 
pathway (right side of Figure 4.5) as well as through an radical abstraction of 
iodine (left side of Figure 4.5).78–80 The transition state energies for each 
substrate follow logical trends. For oxidative addition, the sp2 C–I bond 
undergoes oxidative addition faster than the sp3 C–I bonds, of which the primary 
center undergoes oxidative addition faster than the tertiary center. For the radical 
abstraction, the tertiary center is more favorable than primary which is more 
favorable than the sp2 center. 
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Figure 4.5 DFT Calculated Oxidative Addition and I dot Abstraction Pathways for the Three 
Substrates 
4.4.2 Calculated UV-Vis Spectra 
To determine the role of the blue light in enabling reactivity, it was 
important to understand which intermediates are capable of absorbing blue light 
and what the features of the photoexcitation. The first step of this process was to 
calculate the UV-Vis spectrum for each intermediate using TD-DFT, the results of 
which include discrete excitations as well as the overall predicted shape of the 
spectrum. Initially all discrete absorptions closest to or within the blue light region 
(450-490 nm) were compiled, and from these absorptions, only those with 
oscillator strengths above 0.05 were considered. The two absorptions that fit both 
of these criteria were for the coordination complexes between Pd(PPh3)2 and the 
halides, 4.20 R=Ph and 4.20 R=1PE. 
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The next step was to investigate these electronic excitations and 
determine if the excitations could play a role in reactivity. The TD-DFT 
calculations indicate that for 4.20 R=Ph there is electron density transfer from 
MOs 159 and 161 to MO 162, while for 4.20 R=1PE there is electron density 
transfer from MOs 166-168 to MO 169 (Figure 4.6). For both intermediates, the 
LUMO includes s* character along the C–I bond, so increased electron density in 
this orbital would weaken/lengthen the C–I bond. It therefore seems likely that 
the electronic excitation that increases electron density on the LUMO could lead 
to the homolytic cleavage of the C–I bond, which would result in 4.18 and 4.19. 
The blue light therefore provides an alternative route to direct iodine atom 
abstraction, bypassing the high thermal barrier for phenyl iodide.  
 130 
 
Figure 4.6 Molecular Orbital Diagram for Electronic Excitations 
4.4.3 Diabatic Photoreaction 
All attempts at optimizing the excited state of 4.20 R=Ph support the 
hypothesis that the excitation would cleave the C–I bond. This transformation is  
a diabatic photoreaction (Figure 4.7),70  where the ground state undergoes a 
vertical photoexcitation to the first excited state, which will then vibrationally relax 
to an optimized geometry. This excited state optimized geometry will then relax 
back down to the ground electronic state, which will then undergo a vibrational 
relaxation to a new ground state geometry. Unfortunately, due to computational 
cost and time, the excited state structure was never fully optimized. However, the 
first 15 steps in the optimization resulted moved to the lower energy species 
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4.20* R=Ph in Figure 4.7, and this structure follows the trend predicted for the 
diabatic photoreaction with regard to bond lengths. Going from 4.20 R=Ph to 
4.20* R=Ph to 4.18 and 4.19 R=Ph, the C–I bond increases (2.14 Å to 2.85 Å to 
¥), whereas the Pd–I bond shortens (3.27 Å to 3.02 Å to 2.69 Å). Therefore, 
4.20* R=Ph, although not fully optimized, indicates formation of the Pd–I bond 
and cleavage of the C–I bond. 
 
Figure 4.7 Proposed Diabatic Photoreaction 
Unfortunately, while the proposed diabatic photoreaction made a logical 
computational model that matched the experimental results, new experimental 
spectral data contradicted this theory. UV-Vis spectra were collected of the 
Pd(PPh3)4 pre-catalyst and upon addition of phenyliodide, the spectra shifted to 
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lower wavelengths. This blue shift shows that the absorption of blue light 
decreases upon addition of an equivalent of substrate, so it is unlikely that 4.20 
R=Ph forms and absorbs blue light in the reaction. 
4.4.4 Palladium Phosphorescence  
Around the time the diabatic photoreaction was disproven, a paper was 
published by Rueping that provided insight into the mechanism of a similar 
reaction.81 He reported on the mechanism of a blue LED catalyzed coupling with 
alkyl bromides with a,b-unsaturated acids (Scheme 4.3). The proposed 
mechanism, supported by experimental and computational evidence, begins with 
the photoexcitation of 4.27 to an excited state 4.27*, which then abstracts a 
bromine atom from 4.25 while returning to the ground state to form 4.28 and 
4.29. From there 4.29 reacts with alkene 4.24, which then couples to 4.28 to form 
a PdII complex, which then undergoes elimination. 
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Scheme 4.3 Rueping’s Blue LED Catalyzed Cross Coupling 
The mechanism of Rueping is similar to the previously proposed diabatic 
photoreaction. In his proposal, the catalyst is first excited and then interacts with 
the substrate to abstract the halogen atom, while in our proposal the adduct 
complex is excited and upon relaxation the C–I bond homolyzes. Since our 
theory was disproven with experimental spectra, we decided to examine the 
Rueping model more closely. In particular, the excitation from S0 to T1 is not fully 
described.  The initial excitation would be from S0 to S1, after which S1 undergoes 
an ISC to T1. His rationale for this ISC is that the calculated emission wavelength 
from T1 to S0 matches the experimental emission spectrum. However, it is 
unclear from this data why S1 could not be the reactive species since the 
calculated emission data is not reported for this excited state. 
To explore this possibility, a Jablonski diagram was constructed (Figure 
4.8). The process begins with a vertical excitation from S0 4.32 to S1, which 
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requires a photon with a wavelength of 387 nm. This excited state can either 
vibrationally relax (2.7 kcal/mol) to 4.33 or undergo an ISC to T1 and then 
vibrationally relax (15.7 kcal/mol) to 4.34. Either of these excited states could be 
the active catalyst that abstracts an iodine atom, or they can electronically relax 
back down to S0 and emit a photon. The process by which S1 returns to S0 (545 
nm) is referred to as fluorescence, where there is no change in multiplicity, 
whereas the process by which T1 returns to S0 (643 nm) is referred to as 
phosphorescence, where there is a change in multiplicity.70 
 
Figure 4.8 Jablonski Diagram of Pd(PPh3)3 
Since transitions between different multiplicities is classically forbidden, 
ISC and phosphorescence are slow processes and depend on spin-orbit 
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coupling. Because ISC is usually slow, there was reason to believe that it is 
unlikely that S1 would form T1. Upon absorption of blue light, Pd(PPh3)4 emits a 
photon around ~620 nm, which is closer to the calculated phosphorescence of T1 
than the fluorescence of S1. Thus, the calculated emission wavelengths support 
that T1 forms upon absorption of blue light. 
4.5 Conclusions and Future Directions 
It seems likely that the role of the blue light is to photoexcite the palladium 
catalyst which then abstracts an iodine atom, as is predicted by Gevorgyan and 
calculated by Rueping. In the future it would be beneficial to see how different 
phosphine ligands influence the absorption of light, perhaps allowing lower 
energy light to be used, and how the ligands influence reactivity. One of the main 
concerns about the proposed mechanism is that the TD-DFT calculations and 
experimental spectra indicate that Pd(PPh3)4 has very weak absorption in the 
blue light region of the spectrum. Since other phosphine ligands are known to be 
superior in this reaction, it would be helpful to explore the absorption of these 
palladium complexes.  
4.6 Experimental Section 
4.6.1 General Considerations 
All geometry optimizations and transition state structures were calculated 
in the gas phase using the uB3LYP functional in Gaussian 09 with split basis set. 
For C, H, and O 6-31g* was used, and for  Pd, I, and P  LANL2DZ  was used 
with added polarization functions 1.472, 0.289, and 0.387 respectively. 
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Frequency calculations were carried out at the same level of theory to obtain 
thermal corrections (at 298 K) and to confirm local minima (via the absence of 
imaginary frequencies) or saddle points (via the presence of one and only one 
imaginary frequency). Conformational space was explored to determine global 
minima through successive dihedral scans at the same level of theory. Single-
point calculations were carried out on optimized structures in benzene using the 
IEFPCM solvation model, the uM06 functional, and split basis set (6-311++g** for 
C, H, and O and SDD for Pd, P, and I). Obtained single-point energies were 
converted to the enthalpies and Gibbs free energies using corrections from gas-
phase frequency analysis. All UV-Vis calculations were performed using TD-DFT 
by calculating the first 50 electronic excitations.  
4.6.2 UV/Vis Data 
 
Figure 4.9 UV/Vis of 4.18 
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Figure 4.10 UV/Vis of Pd(PPh3)4 
 
Figure 4.11 UV/Vis of 4.32 
 
Figure 4.12 UV/Vis of 4.21 
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Figure 4.13 UV/Vis of PdPPh3 
  
 
Figure 4.14 UV/Vis of 4.22 R=Ph 
 
Figure 4.15 UV/Vis of 4.23 R=Ph 
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Figure 4.16 UV/Vis of 4.20 R=Ph 
 
Figure 4.17 UV/Vis of 4.22 R=1PE 
 
Figure 4.18 UV/Vis of 4.23 R=1PE 
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Figure 4.19 UV/Vis of 4.20 R=1PE 
 
Figure 4.20 UV/Vis of 4.09 
4  
Figure 4.21 UV/Vis of 4.20 R=3PE 
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4.6.3 Coordinates and Energies 
 
4.09 
 
E: -242.93121 
H: -242.93026 
G: -242.96884 
Thermal Correction to Enthalpy: 0.097111 
Thermal Correction to Gibbs Free Energy: 0.058532 
SPE: -242.9021 
 
 
0 1 
 C                 -2.64850900   -1.20746000   -0.00000400 
 C                 -3.34877100   -0.00000200   -0.00000500 
 C                 -2.64851700    1.20745500   -0.00000400 
 C                 -1.25099300    1.21637600   -0.00000200 
 C                 -0.56590800    0.00000500   -0.00000100 
 C                 -1.25099000   -1.21637500   -0.00000200 
 H                 -3.18642700   -2.15174200   -0.00000500 
 H                 -4.43507500   -0.00000800   -0.00000700 
 H                 -3.18643200    2.15173900   -0.00000500 
 H                 -0.70936000    2.15587700   -0.00000100 
 H                 -0.70934600   -2.15586900   -0.00000100 
 I                  1.55676900    0.00000000    0.00000300 
 
4.12 
 
E: -362.609615 
H: -362.608671 
G: -362.661113 
Thermal Correction to Enthalpy: 0.131489 
Thermal Correction to Gibbs Free Energy: 0.079046  
SPE: -697.3536875 
 
0 1 
 P                  1.41831300   -0.00072900    0.47403000 
 O                  1.42409000   -0.93840000   -0.86301900 
 O                  1.33803100    1.48515200   -0.16820200 
 O                  2.51344800   -0.29673900    1.44896000 
 C                  2.00666100   -2.25241500   -0.81940000 
 H                  2.77304600   -2.31302100   -0.04250400 
 H                  1.22478300   -2.99654400   -0.63304800 
 C                  2.48442500    2.01309000   -0.85845400 
 H                  3.38211000    1.92909200   -0.23838300 
 H                  2.26573300    3.06422700   -1.05358500 
 C                 -0.24676900   -0.12905700    1.22726200 
 H                 -0.32812400   -1.09776500    1.72165800 
 H                 -0.35599400    0.65853300    1.97361200 
 I                 -1.94323300    0.03638900   -0.11079100 
 H                  2.63284800    1.48370900   -1.80458500 
 H                  2.45182000   -2.43571100   -1.80003600 
 
4.14 
 
E: -441.17719 
H: -441.176246 
G: -441.234076 
Thermal Correction to Enthalpy: 0.190859 
Thermal Correction to Gibbs Free Energy: 0.133029  
SPE: -775.9473207 
 
0 1 
 P                  1.41125600   -0.07276000    0.27684800 
 O                  1.47130400   -0.42214600   -1.31906300 
 O                  1.28986700    1.54674500    0.28682700 
 O                  2.52135500   -0.68287900    1.07903500 
 C                  2.32349000   -1.47168500   -1.80986500 
 H                  3.00155700   -1.82125800   -1.02757300 
 H                  1.69945800   -2.29814400   -2.16412600 
 C                  2.44616000    2.33188400   -0.05014000 
 H                  3.31568000    2.01158200    0.53200700 
 H                  2.19611900    3.36592600    0.19323400 
 C                 -0.26505900   -0.57676300    0.88806600 
 I                 -1.86047200    0.25563900   -0.41275600 
 H                  2.66174000    2.24727900   -1.12012800 
 H                  2.89709100   -1.06729000   -2.64817300 
 C                 -0.35792500   -2.10707100    0.83822900 
 H                  0.44572300   -2.53195900    1.45203300 
 H                 -1.31968400   -2.44150300    1.23861800 
 H                 -0.25796300   -2.49100300   -0.18069800 
 C                 -0.46827600   -0.04288300    2.31148400 
 H                 -1.43221400   -0.37681400    2.70810900 
 H                  0.32950200   -0.43697500    2.95377700 
 H                 -0.43138900    1.04802400    2.34520800 
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4.18 
 
E: -1540.538455 
H: -1540.537511 
G: -1540.656849 
Thermal Correction to Enthalpy: 0.591162 
Thermal Correction to Gibbs Free Energy: 0.471824  
SPE: -2211.123017 
 
0 2 
 Pd                -0.04218400   -1.08583500   -0.13027100 
 P                 -1.81275800    0.54108800   -0.01350600 
 P                  2.08829400    0.01652500   -0.05861800 
 I                 -1.15291300   -3.53525200   -0.12516400 
 C                  2.69506900    0.90131200   -1.57076800 
 C                  1.76326100    1.60531700   -2.34934400 
 C                  4.04148400    0.88564700   -1.96827800 
 C                  2.17194500    2.29333300   -3.49233400 
 H                  0.71720900    1.61290700   -2.06170800 
 C                  4.44577000    1.56901200   -3.11669500 
 H                  4.77351500    0.33345700   -1.38734400 
 C                  3.51341300    2.27553300   -3.87933300 
 H                  1.43826500    2.83648500   -4.08164000 
 H                  5.49019700    1.54506800   -3.41645500 
 H                  3.83031800    2.80413000   -4.77450200 
 C                  3.40209700   -1.25887300    0.25168900 
 C                  3.26165700   -2.51164900   -0.36776400 
 C                  4.51743900   -1.02391600    1.07058500 
 C                  4.22486700   -3.50346900   -0.18228200 
 H                  2.38805500   -2.71937000   -0.98049500 
 C                  5.47675300   -2.02138800    1.25803800 
 H                  4.63706600   -0.06574300    1.56664800 
 C                  5.33380500   -3.26070600    0.63114200 
 H                  4.09926400   -4.46937000   -0.66351000 
 H                  6.33431200   -1.82883600    1.89749200 
 H                  6.07908200   -4.03702600    0.78255800 
 C                  2.33520100    1.22491900    1.32482100 
 C                  1.73753300    0.92320800    2.56042600 
 C                  3.06817600    2.41296000    1.19454800 
 C                  1.88060600    1.78748100    3.64586000 
 H                  1.15086500    0.01377200    2.66583200 
 C                  3.20366700    3.28073300    2.28186300 
 H                  3.52970600    2.66560700    0.24504200 
 C                  2.61260900    2.97045000    3.50786200 
 H                  1.41396000    1.54071200    4.59560200 
 H                  3.77383500    4.19914800    2.16816700 
 H                  2.71896200    3.64694700    4.35167200 
 C                 -1.45094100    2.30751000   -0.45288300 
 C                 -1.89856100    2.87375500   -1.65724600 
 C                 -0.62478400    3.07481400    0.38815200 
 C                 -1.53217200    4.17562800   -2.00835200 
 H                 -2.53779100    2.30142700   -2.32134700 
 C                 -0.26836100    4.37663700    0.03782000 
 H                 -0.26125000    2.65722000    1.32190000 
 C                 -0.71883700    4.93128500   -1.16293000 
 H                 -1.89174200    4.59926900   -2.94254900 
 H                  0.36863600    4.95277600    0.70321600 
 H                 -0.43712600    5.94451900   -1.43656500 
 C                 -3.25242600    0.12631100   -1.10790200 
 C                 -3.04251000   -0.69826600   -2.22168700 
 C                 -4.53813000    0.63511000   -0.86336600 
 C                 -4.09843300   -0.99823200   -3.08547700 
 H                 -2.06019100   -1.12583700   -2.39720300 
 C                 -5.59166600    0.32777000   -1.72390100 
 H                 -4.72077200    1.26262700    0.00379500 
 C                 -5.37272000   -0.48691800   -2.83811400 
 H                 -3.92420600   -1.64444200   -3.94126900 
 H                 -6.58448000    0.72092600   -1.52140200 
 H                 -6.19602700   -0.72877500   -3.50511400 
 C                 -2.54814300    0.64305000    1.68731400 
 C                 -3.09561400    1.82394400    2.21500000 
 C                 -2.57771600   -0.52862600    2.46229200 
 C                 -3.66300000    1.83085800    3.49080600 
 H                 -3.07468200    2.74170000    1.63600300 
 C                 -3.15175500   -0.51695500    3.73441200 
 H                 -2.15599800   -1.44956300    2.06788800 
 C                 -3.69303000    0.66133100    4.25269800 
 H                 -4.08167400    2.75234900    3.88713600 
 H                 -3.17043200   -1.43192500    4.32026000 
 H                 -4.13439100    0.66896000    5.24588200 
 
4.19 R = Ph 
 
E: -231.469287 
H: -231.468342 
G: -231.501699 
Thermal Correction to Enthalpy: 0.092938 
Thermal Correction to Gibbs Free Energy: 0.059582  
SPE: -231.4290371 
 
0 2 
 C                  1.21418200    0.63258100    0.00001000 
 C                 -0.00000600    1.32473500    0.00000400 
 C                 -1.21417000    0.63260500   -0.00001600 
 C                 -1.22637000   -0.77179100    0.00001600 
 C                 -0.00001000   -1.40016200    0.00000200 
 C                  1.22637700   -0.77177800   -0.00001700 
 H                  2.15464600    1.17910100    0.00001900 
 H                  0.00002200    2.41130600    0.00000600 
 H                 -2.15465800    1.17908300   -0.00002300 
 H                 -2.16289600   -1.32329900    0.00001000 
 H                  2.16287100   -1.32333900   -0.00000900 
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4.19 R = 1PE 
 
E: -351.16235 
H: -351.161406 
G: -351.208523 
Thermal Correction to Enthalpy: 0.125778 
Thermal Correction to Gibbs Free Energy: 0.078661  
SPE: -685.8948037 
 
0 2 
 P                 -0.00969400    0.44402600    0.15436100 
 O                 -1.37213300   -0.07824400   -0.58360300 
 O                  1.24188300   -0.17000900   -0.70498400 
 O                  0.06206100    0.14332800    1.62201400 
 C                 -2.00464300   -1.28621500   -0.13212700 
 H                 -1.91845000   -1.38879600    0.95311300 
 H                 -3.05645500   -1.21509700   -0.41805700 
 C                  2.07262800   -1.20044100   -0.14570900 
 H                  2.03693100   -1.17962700    0.94633200 
 H                  3.09197900   -1.01363500   -0.49298300 
 C                 -0.00692700    2.14303700   -0.37458600 
 H                 -0.94046600    2.67864700   -0.50364700 
 H                  0.92433700    2.69603400   -0.42134600 
 H                  1.74218900   -2.18012400   -0.50792900 
 H                 -1.55549600   -2.15667600   -0.62378700 
 
4.19 R = 3PE 
 
E: -429.742499 
H: -429.741554 
G: -429.797032 
Thermal Correction to Enthalpy: 0.18623 
Thermal Correction to Gibbs Free Energy: 0.130752 
SPE: -764.4970068 
 
0 2 
 P                  0.23198400   -0.02323800    0.47746600 
 O                  1.20616200   -0.67098800   -0.67788800 
 O                  0.39197200    1.60362600    0.29742100 
 O                  0.55094600   -0.41729800    1.88342800 
 C                  2.56669200   -0.98493000   -0.33253200 
 H                  2.62576200   -1.37320800    0.68750700 
 H                  2.90395600   -1.74113200   -1.04508000 
 C                  0.31274000    2.19481600   -1.00261700 
 H                  1.08189300    1.78900600   -1.66776000 
 H                  0.47292200    3.26683400   -0.86702500 
 C                 -1.39633800   -0.42346500   -0.16171700 
 H                 -0.67238400    2.03260500   -1.45678200 
 H                  3.19741000   -0.09343800   -0.42025100 
 C                 -1.64766500   -1.63610800   -1.00382900 
 H                 -2.09831200   -2.44579500   -0.40594500 
 H                 -2.36765000   -1.40829500   -1.80360700 
 H                 -0.73274300   -2.02187000   -1.45787400 
 C                 -2.56967400    0.30817200    0.42156900 
 H                 -3.31542900    0.52919300   -0.35555900 
 H                 -3.08070800   -0.30705000    1.17974200 
 H                 -2.28164400    1.24808700    0.90171000 
 
4.20  R = Ph 
 
E: -1772.051742 
H: -1772.050798 
G: -1772.188067 
Thermal Correction to Enthalpy: 0.686737 
Thermal Correction to Gibbs Free Energy: 0.549468  
SPE: -2442.60249 
 
0 1 
 Pd                -0.41299400   -0.59474100   -0.03777900 
 P                  1.42861300   -2.05549300   -0.00174600 
 P                 -2.55736200    0.34406500   -0.02638600 
 I                  1.29676900    2.19034400    0.02862900 
 C                 -2.92169700    1.65878400   -1.28840900 
 C                 -2.21021600    1.60868300   -2.49774100 
 C                 -3.85938900    2.68376400   -1.09416000 
 C                 -2.44282000    2.55308200   -3.49802500 
 H                 -1.46444300    0.83090400   -2.64296000 
 C                 -4.08394100    3.63410400   -2.09268000 
 H                 -4.41060300    2.74627100   -0.16092100 
 C                 -3.37950500    3.56926600   -3.29649500 
 H                 -1.88318600    2.50223500   -4.42825200 
 H                 -4.80894400    4.42700900   -1.92728300 
 H                 -3.55400900    4.31182700   -4.07079100 
 C                 -3.17390600    1.08549800    1.56429700 
 C                 -2.25263800    1.75999200    2.38080700 
 C                 -4.51268800    1.00194300    1.97817200 
 C                 -2.66427200    2.35176900    3.57571300 
 H                 -1.21062300    1.81704300    2.07898000 
 C                 -4.92099700    1.58861000    3.17798600 
 H                 -5.23746900    0.47232700    1.36713800 
 C                 -3.99896800    2.26644600    3.97786900 
 H                 -1.93886900    2.87162200    4.19606600 
 H                 -5.96025900    1.51275600    3.48762700 
 H                 -4.31774500    2.72017200    4.91269300 
 C                 -3.84393200   -0.95553200   -0.37951300 
 C                 -3.75727200   -2.16641400    0.32970000 
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 C                 -4.86971600   -0.79651800   -1.32102700 
 C                 -4.68170000   -3.18674300    0.11063800 
 H                 -2.95688000   -2.30589500    1.05237900 
 C                 -5.78829600   -1.82598300   -1.54858900 
 H                 -4.95400800    0.12927000   -1.88108700 
 C                 -5.69899500   -3.02046700   -0.83391300 
 H                 -4.60374900   -4.11426300    0.67209700 
 H                 -6.57526700   -1.68909500   -2.28592300 
 H                 -6.41454000   -3.81886400   -1.01228900 
 C                  1.11771500   -3.64373300   -0.91987100 
 C                  2.14626200   -4.41996900   -1.47658100 
 C                 -0.21025700   -4.07623600   -1.06056700 
 C                  1.85168300   -5.60810900   -2.14888400 
 H                  3.17840700   -4.09288500   -1.39267900 
 C                 -0.50232700   -5.26667900   -1.72790800 
 H                 -1.01424300   -3.46655700   -0.65620500 
 C                  0.52805100   -6.03510900   -2.27385100 
 H                  2.65787200   -6.19747400   -2.57829200 
 H                 -1.53614900   -5.58601100   -1.83049000 
 H                  0.30052200   -6.95785200   -2.80131600 
 C                  3.06688900   -1.51400400   -0.69419500 
 C                  3.05740800   -0.81137500   -1.91013100 
 C                  4.29487400   -1.75880200   -0.06348400 
 C                  4.24952000   -0.38056400   -2.49132200 
 H                  2.10933800   -0.59033300   -2.39360600 
 C                  5.48817100   -1.31629700   -0.64102900 
 H                  4.32351700   -2.29116900    0.88210800 
 C                  5.46930400   -0.63034400   -1.85623800 
 H                  4.22471000    0.16106900   -3.43326100 
 H                  6.43230800   -1.50994400   -0.13822500 
 H                  6.39833300   -0.28766400   -2.30448900 
 C                  1.86216700   -2.61927300    1.71678900 
 C                  2.21776400   -3.93742900    2.03801900 
 C                  1.81909200   -1.65893600    2.74149200 
 C                  2.52778100   -4.28551600    3.35526700 
 H                  2.24809800   -4.69697400    1.26300000 
 C                  2.14035400   -2.00619500    4.05369600 
 H                  1.52532200   -0.63932900    2.50545500 
 C                  2.49297500   -3.32193800    4.36435600 
 H                  2.79570500   -5.31241500    3.59071500 
 H                  2.10457900   -1.25113600    4.83460300 
 H                  2.73329600   -3.59536200    5.38848800 
 C                  2.57915700    3.90794500   -0.00303700 
 C                  2.05787800    5.17602000    0.26454200 
 C                  3.93540800    3.74375800   -0.29642400 
 C                  2.90567400    6.28679700    0.24038500 
 H                  1.00289300    5.30007000    0.48805900 
 C                  4.77335100    4.86186800   -0.31761500 
 H                  4.33473000    2.75688700   -0.50910500 
 C                  4.26284900    6.13344700   -0.04919600 
 H                  2.49952200    7.27348100    0.44888700 
 H                  5.82875600    4.73408800   -0.54528800 
 H                  4.91850500    6.99982500   -0.06642800 
 
4.20 R = 1PE 
 
E: -1891.735982 
H: -1891.735038 
G: -1891.88073 
Thermal Correction to Enthalpy: 0.721064 
Thermal Correction to Gibbs Free Energy: 0.575372  
SPE: -2897.063801 
 
0 1 
 Pd                 0.77974100    0.34539400    0.01385100 
 P                  2.43040000   -1.30341600   -0.06175000 
 P                 -0.28712200    2.47102100    0.01802400 
 I                 -1.55897500   -1.58598000    0.65109100 
 C                 -0.61939000    3.16534100    1.70865200 
 C                  0.18462100    2.72156500    2.77051600 
 C                 -1.62538700    4.10880900    1.96599500 
 C                 -0.00309900    3.22174900    4.05945400 
 H                  0.95262900    1.97580500    2.57860300 
 C                 -1.81754300    4.60159900    3.25858700 
 H                 -2.26446100    4.45320000    1.15883300 
 C                 -1.00630300    4.16178800    4.30638600 
 H                  0.62709200    2.86938100    4.87190600 
 H                 -2.60419200    5.32800600    3.44569000 
 H                 -1.15983000    4.54438000    5.31209400 
 C                 -1.87247800    2.81488900   -0.89031000 
 C                 -2.98109700    1.99512900   -0.62023500 
 C                 -2.00820500    3.85216300   -1.82571100 
 C                 -4.20190600    2.21608000   -1.25928500 
 H                 -2.90460000    1.17548500    0.08683400 
 C                 -3.22778300    4.06375600   -2.47417500 
 H                 -1.16566700    4.49799600   -2.05059800 
 C                 -4.32606300    3.25036000   -2.19073100 
 H                 -5.03592200    1.56339200   -1.02045000 
 H                 -3.31638400    4.87020600   -3.19801400 
 H                 -5.27439500    3.42099400   -2.69436100 
 C                  0.89579700    3.70013900   -0.72820700 
 C                  1.57658200    3.32431000   -1.89917000 
 C                  1.14761600    4.96467500   -0.17768600 
 C                  2.47787400    4.19653000   -2.51006300 
 H                  1.40081300    2.33943000   -2.32560100 
 C                  2.06048600    5.83233700   -0.78358400 
 H                  0.63581900    5.27437500    0.72798700 
 C                  2.72531800    5.45301200   -1.95041900 
 H                  2.99195300    3.89150100   -3.41793100 
 H                  2.24924100    6.80703100   -0.34088500 
 H                  3.43436900    6.12987500   -2.41990000 
 C                  4.12351700   -0.57845000    0.21455600 
 C                  5.14561300   -1.25109100    0.90111600 
 C                  4.37950000    0.70663000   -0.29150100 
 C                  6.39733100   -0.65346600    1.07085400 
 H                  4.96565300   -2.24056500    1.30988100 
 C                  5.63208500    1.29806000   -0.12759600 
 H                  3.58961500    1.24839900   -0.80490400 
 C                  6.64441700    0.61982000    0.55574300 
 H                  7.17773800   -1.18545100    1.60904600 
 H                  5.81167300    2.29385100   -0.52428300 
 H                  7.61759800    1.08432100    0.69182100 
 C                  2.38381000   -2.70152000    1.16200600 
 C                  1.95605100   -2.40668800    2.46659700 
 C                  2.75627900   -4.01721300    0.85170500 
 C                  1.92268800   -3.40037800    3.44437800 
 H                  1.63666600   -1.39622000    2.70863700 
 C                  2.71054100   -5.01434200    1.82954100 
 H                  3.07855600   -4.26820400   -0.15406100 
 C                  2.29876600   -4.70801100    3.12733700 
 H                  1.59002500   -3.15608100    4.44977600 
 H                  2.99724500   -6.03119800    1.57376200 
 H                  2.26324700   -5.48519600    3.88629800 
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 C                  2.61023800   -2.15857600   -1.70364500 
 C                  3.84739400   -2.56853500   -2.22460300 
 C                  1.44678100   -2.39344200   -2.45376100 
 C                  3.91673000   -3.20715100   -3.46478000 
 H                  4.75999300   -2.38270100   -1.66625900 
 C                  1.51768800   -3.03865100   -3.68921600 
 H                  0.48658600   -2.06198300   -2.06779800 
 C                  2.75286700   -3.44568200   -4.19818200 
 H                  4.88217600   -3.51526500   -3.85797300 
 H                  0.60824700   -3.21478300   -4.25769900 
 H                  2.80896100   -3.94032300   -5.16437500 
 C                 -3.44574500   -2.67918600    1.06348200 
 P                 -4.80683100   -2.08037000    0.01380300 
 H                 -3.68090200   -2.51032100    2.11473400 
 O                 -4.48222900   -2.64912400   -1.48664800 
 O                 -5.97472500   -3.11657700    0.49462300 
 O                 -5.14314800   -0.62146800    0.07205900 
 C                 -4.03759900   -1.76986300   -2.53392300 
 C                 -7.29215700   -2.97037100   -0.05965500 
 H                 -4.27167400   -0.72871700   -2.30025900 
 H                 -2.95711100   -1.88114300   -2.66390400 
 H                 -4.55210600   -2.07176300   -3.45047700 
 H                 -7.63621300   -1.93510500    0.02645000 
 H                 -7.94574800   -3.62744100    0.51767700 
 H                 -7.29880700   -3.27606700   -1.11132300 
 H                 -3.26119500   -3.73816400    0.88186600 
 
4.20 
R=3PE 
 
E: -1970.304061 
H: -1970.303117 
G: -1970.454702 
Thermal Correction to Enthalpy: 0.780662 
Thermal Correction to Gibbs Free Energy: 0.629077 
SPE: -2975.658422 
 
0 1 
 Pd                 0.98240900    0.30042000    0.00130300 
 P                  2.28834500   -1.63690500   -0.08371500 
 P                  0.33499700    2.58470100    0.03219500 
 I                 -1.71757900   -1.13564300    0.51982400 
 C                 -0.00111100    3.27510000    1.72387900 
 C                  0.59913900    2.64234700    2.82363800 
 C                 -0.81552900    4.39608000    1.94656100 
 C                  0.40308500    3.12913800    4.11666200 
 H                  1.21231300    1.75975300    2.65735300 
 C                 -1.01638500    4.87757100    3.24196600 
 H                 -1.30009600    4.88874800    1.10903300 
 C                 -0.40602800    4.24762800    4.32844600 
 H                  0.87410500    2.62850100    4.95863400 
 H                 -1.65323000    5.74397600    3.40105400 
 H                 -0.56637300    4.62215900    5.33613400 
 C                 -1.09907500    3.22676900   -0.96323400 
 C                 -2.36080500    2.64323200   -0.75724200 
 C                 -0.97347600    4.25000800   -1.91476500 
 C                 -3.47315000    3.07926800   -1.47771300 
 H                 -2.48935200    1.84240700   -0.03677300 
 C                 -2.08692900    4.67896300   -2.64261400 
 H                 -0.00930800    4.71574100   -2.09055700 
 C                 -3.33698900    4.09768700   -2.42528600 
 H                 -4.43078400    2.60301400   -1.29001200 
 H                 -1.97282500    5.47209200   -3.37752700 
 H                 -4.20096900    4.43599800   -2.99200400 
 C                  1.76094900    3.61666200   -0.57767500 
 C                  2.49567400    3.13443200   -1.67438800 
 C                  2.13734200    4.83674400    0.00220500 
 C                  3.57243500    3.85999500   -2.18566900 
 H                  2.22197000    2.18132200   -2.12084200 
 C                  3.22382000    5.55591100   -0.50262700 
 H                  1.58711400    5.22670200    0.85272700 
 C                  3.94196300    5.07222000   -1.59737400 
 H                  4.12644700    3.47396500   -3.03748500 
 H                  3.50704100    6.49685500   -0.03778000 
 H                  4.78647900    5.63396100   -1.98798600 
 C                  4.07234100   -1.29321800    0.32450200 
 C                  4.90673300   -2.22259500    0.96430900 
 C                  4.59894000   -0.03987100   -0.02750600 
 C                  6.23994400   -1.90667200    1.23775100 
 H                  4.51599100   -3.19256200    1.25641600 
 C                  5.93257000    0.27079600    0.23963200 
 H                  3.95489000    0.69701800   -0.50012700 
 C                  6.75636900   -0.66178000    0.87441200 
 H                  6.87302600   -2.63521100    1.73788900 
 H                  6.32289700    1.24635400   -0.03817500 
 H                  7.79288000   -0.41675600    1.09121500 
 C                  1.88682200   -3.05947000    1.04339900 
 C                  1.48215400   -2.75487600    2.35304100 
 C                  1.96783200   -4.40417900    0.65464600 
 C                  1.18493400   -3.77213600    3.25919100 
 H                  1.38868100   -1.71489400    2.65501600 
 C                  1.65818600   -5.42233000    1.56043600 
 H                  2.26843400   -4.66047100   -0.35645200 
 C                  1.27062600   -5.10963800    2.86402100 
 H                  0.87452300   -3.51992300    4.26979900 
 H                  1.72063400   -6.46038200    1.24386600 
 H                  1.02989300   -5.90289800    3.56700100 
 C                  2.38865900   -2.43060000   -1.76353300 
 C                  3.56159500   -3.00585100   -2.27549600 
 C                  1.22762700   -2.44049900   -2.55394500 
 C                  3.56998900   -3.58495900   -3.54669000 
 H                  4.47304500   -2.99684300   -1.68571100 
 C                  1.23583400   -3.02833000   -3.81935400 
 H                  0.31950000   -1.97915000   -2.17507400 
 C                  2.40781100   -3.60027800   -4.31984500 
 H                  4.48751000   -4.02229800   -3.93212300 
 H                  0.32877400   -3.03013800   -4.41818900 
 H                  2.41662500   -4.04954900   -5.30950400 
 C                 -3.80342000   -1.94889000    0.93000900 
 P                 -4.90023400   -1.09387900   -0.27838100 
 O                 -4.53371100   -1.69728000   -1.75578200 
 O                 -6.29847100   -1.88921800    0.03805200 
 O                 -4.97850200    0.40167200   -0.20857600 
 C                 -3.85786500   -0.89646300   -2.74128800 
 C                 -7.49858600   -1.45516100   -0.61893100 
 H                 -3.91747400    0.16538100   -2.49262400 
 H                 -2.80850600   -1.20028400   -2.79500300 
 H                 -4.34770100   -1.08410800   -3.70094200 
 H                 -7.61831600   -0.37108100   -0.52980700 
 H                 -8.32761400   -1.96214700   -0.12045400 
 H                 -7.47818100   -1.73856400   -1.67691300 
 C                 -4.18878900   -1.54776700    2.35589800 
 H                 -5.19106900   -1.93308000    2.58608200 
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 H                 -3.48196000   -1.97512400    3.07484100 
 H                 -4.20135700   -0.46185400    2.48028600 
 C                 -3.77778100   -3.46371600    0.72696900 
 H                 -3.06508000   -3.92322700    1.41976700 
 H                 -4.77383500   -3.87875300    0.92801200 
 H                 -3.49372900   -3.73267000   -0.29307900 
 
4.21 
 
E: -1529.120822 
H: -1529.119878 
G: -1529.235591 
Thermal Correction to Enthalpy: 0.58759 
Thermal Correction to Gibbs Free Energy: 0.471876  
SPE: -2199.683728 
 
0 1 
Pd                    0.00036   0.0107    0.00163  
 P                    -2.32947   0.00327   0.00023  
 C                    -3.119    -0.98148   1.36685  
 C                    -3.12072  -0.69302  -1.53293  
 C                    -3.13083   1.67395   0.16665  
 C                    -4.31957  -0.61952   1.99591  
 C                    -2.45873  -2.148     1.78612  
 C                    -4.31632  -1.42651  -1.52846  
 C                    -2.46759  -0.46808  -2.75577  
 C                    -4.33236   2.02832  -0.46498  
 C                    -2.48059   2.62524   0.96968  
 C                    -4.85225  -1.41367   3.01467  
 H                    -4.83712   0.28754   1.69822  
 C                    -2.99694  -2.94492   2.7967  
 H                    -1.51288  -2.41785   1.32222  
 C                    -4.85102  -1.91575  -2.72311  
 H                    -4.82872  -1.62365  -0.59164  
 C                    -3.00777  -0.94867  -3.9487  
 H                    -1.52608   0.07599  -2.762  
 C                    -4.87546   3.30356  -0.28841  
 H                    -4.84278   1.31216  -1.10191  
 C                    -3.02893   3.89479   1.15235  
 H                    -1.53502   2.36535   1.43968  
 C                    -4.19529  -2.57864   3.41443  
 H                    -5.78077  -1.11837   3.49677  
 H                    -2.47419  -3.84509   3.10947  
 C                    -4.20091  -1.67544  -3.93476  
 H                    -5.77573  -2.48701  -2.70425  
 H                    -2.49066  -0.76572  -4.88707  
 C                    -4.22798   4.23732   0.52232  
 H                    -5.8046    3.56627  -0.78786  
 H                    -2.51396   4.61978   1.77733  
 H                    -4.61032  -3.19381   4.20861  
 H                    -4.61724  -2.05895  -4.86266  
 H                    -4.65088   5.22959   0.6563  
 P                     2.32996   0.00425   0.0005  
 C                     3.13003   1.65019  -0.33261  
 C                     3.118    -1.11163  -1.26243  
 C                     3.12377  -0.5354    1.59444  
 C                     4.33327   2.0658    0.25694  
 C                     2.47671   2.51675  -1.22398  
 C                     4.32024  -0.81617  -1.92247  
 C                     2.45479  -2.31166  -1.56655  
 C                     4.31523  -1.27267   1.66147  
 C                     2.47557  -0.18438   2.78993  
 C                     4.87489   3.31742  -0.04701  
 H                     4.84596   1.41672   0.96045  
 C                     3.02364   3.76215  -1.53365  
 H                     1.52972   2.21107  -1.6625  
 C                     4.85193  -1.70777  -2.85761  
 H                     4.84003   0.11434  -1.71461  
 C                     2.99183  -3.20511  -2.49361  
 H                     1.5079   -2.53224  -1.07937  
 C                     4.85076  -1.64176   2.89817  
 H                     4.82345  -1.56748   0.7483  
 C                     3.01672  -0.54494   4.02402  
 H                     1.53661   0.36216   2.74373  
 C                     4.22422   4.16588  -0.94438  
 H                     5.80536   3.62872   0.42099  
 H                     2.50616   4.42129  -2.2258  
 C                     4.19206  -2.90448  -3.14234  
 H                     5.78179  -1.46359  -3.36508  
 H                     2.4668   -4.13008  -2.71758  
 C                     4.20576  -1.27631   4.0809  
 H                     5.77209  -2.21757   2.9349  
 H                     2.5033   -0.26517   4.94028  
 H                     4.64612   5.14007  -1.1775  
 H                     4.60619  -3.59549  -3.872  
 H                     4.62274  -1.56641   5.04183 
 
TS 4.01 R = Ph 
 
E: -1772.032548 
H: -1772.031604 
G: -1772.162348 
Thermal Correction to Enthalpy: 0.685032 
Thermal Correction to Gibbs Free Energy: 0.554287  
SPE: -2442.601655 
 
0 1 
 C                 -3.02313300    2.24751000    4.19455500 
 C                 -3.10771700    3.13025600    3.11724800 
 C                 -2.84540300    2.68489000    1.81807600 
 C                 -2.48463100    1.34989800    1.58091300 
 C                 -2.39032600    0.47129800    2.67579500 
 C                 -2.66781100    0.91487900    3.96849600 
 H                 -3.22904500    2.59478100    5.20369600 
 H                 -3.38264200    4.16901400    3.28269900 
 H                 -2.91959300    3.38282700    0.99058000 
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 H                 -2.09513900   -0.56194000    2.51635300 
 H                 -2.59441200    0.21982200    4.80082900 
 C                 -5.92510700   -1.45051900   -1.60724600 
 C                 -5.96676800   -0.75034400   -0.40134100 
 C                 -4.82696500   -0.09408900    0.07344700 
 C                 -3.62859200   -0.13505000   -0.65272500 
 C                 -3.59417200   -0.85149400   -1.86201000 
 C                 -4.73438600   -1.49765300   -2.33850400 
 H                 -6.81169000   -1.96081300   -1.97425100 
 H                 -6.88786900   -0.71052600    0.17474900 
 H                 -4.87481500    0.44764700    1.01283500 
 H                 -2.66489400   -0.91460100   -2.42325600 
 H                 -4.69003000   -2.04652100   -3.27551700 
 C                 -1.94147500    4.49346100   -2.80409500 
 C                 -3.17417200    3.93688500   -2.45324700 
 C                 -3.22727500    2.79755000   -1.64899800 
 C                 -2.04547000    2.19799100   -1.18085100 
 C                 -0.81513000    2.76208000   -1.54607400 
 C                 -0.76174800    3.90358500   -2.34862600 
 H                 -1.90257200    5.37764000   -3.43513400 
 H                 -4.09726100    4.38716900   -2.80951400 
 H                 -4.19123200    2.36958500   -1.39068500 
 H                  0.10669600    2.29754300   -1.21356700 
 H                  0.20403000    4.31850100   -2.62401800 
 P                 -2.04711800    0.67790600   -0.10145500 
 C                  5.73335100   -2.48955600    1.07729300 
 C                  5.68923100   -1.85938300   -0.16569100 
 C                  4.66154700   -0.96066000   -0.46762000 
 C                  3.65815100   -0.68556900    0.47076000 
 C                  3.70864800   -1.33083500    1.71972300 
 C                  4.73919700   -2.21923000    2.02220900 
 H                  6.53364200   -3.18682300    1.31006400 
 H                  6.45805800   -2.06117000   -0.90716000 
 H                  4.64725900   -0.47416900   -1.43739900 
 H                  2.94102600   -1.12929300    2.46328700 
 H                  4.76497200   -2.70271500    2.99542500 
 C                  2.66763000    3.74249800    3.38573400 
 C                  3.81105000    3.11212100    2.88736100 
 C                  3.69673200    2.11698300    1.91574200 
 C                  2.43458800    1.73955500    1.42525000 
 C                  1.29447500    2.37359400    1.93947400 
 C                  1.40940700    3.37081200    2.91061900 
 H                  2.75879600    4.51386400    4.14610400 
 H                  4.79380000    3.39233400    3.25799100 
 H                  4.59099600    1.62572900    1.54367500 
 H                  0.31140100    2.07705300    1.58833100 
 H                  0.51178000    3.84413000    3.29914800 
 C                  3.35962700    2.48093700   -3.91831000 
 C                  3.67358800    3.12600100   -2.72078400 
 C                  3.35727700    2.53243600   -1.49586800 
 C                  2.71130100    1.28763800   -1.45419000 
 C                  2.38454200    0.65383000   -2.66607200 
 C                  2.71712800    1.24081600   -3.88747700 
 H                  3.60888900    2.94361300   -4.86967900 
 H                  4.17001000    4.09305900   -2.73589900 
 H                  3.60957700    3.04605600   -0.57397200 
 H                  1.85899300   -0.29752400   -2.64797000 
 H                  2.46103900    0.73436900   -4.81433000 
 P                  2.20745800    0.43024100    0.12156100 
 Pd                -0.00996000   -0.69543900   -0.05024400 
 C                 -0.68212100   -2.65386500    0.57747400 
 I                  0.32063000   -3.02747500   -1.58024800 
 C                  0.17710300   -2.90277000    1.66277900 
 H                  1.24829800   -2.77623700    1.55493800 
 C                 -1.73084700   -3.59668900    2.99336900 
 C                 -0.36523100   -3.34156400    2.87843700 
 H                 -2.14287800   -3.95925700    3.93119100 
 H                  0.29725600   -3.51112800    3.72394300 
 C                 -2.04885400   -2.96991800    0.66685600 
 C                 -2.56495900   -3.41907800    1.88047200 
 H                 -2.69770200   -2.84264900   -0.19134700 
 H                 -3.62876400   -3.63062900    1.95652800 
 
TS 4.01 R = 1PE 
 
E: -1891.697805 
H: -1891.696861 
G: -1891.840964 
Thermal Correction to Enthalpy: 0.718776 
Thermal Correction to Gibbs Free Energy: 0.574672 
SPE: -2897.037999 
 
0 1 
 P                 -2.46268200    0.10064800    0.13815100 
 Pd                -0.05481800   -0.23073900   -0.27170600 
 C                  0.20409000   -2.50125000    0.51934400 
 H                 -0.63789800   -3.18151700    0.41563800 
 H                 -0.05575000   -1.72673900    1.26052300 
 P                  1.68031400    1.47325300   -0.07923500 
 C                 -3.28224100    1.03937800   -1.24681200 
 C                 -4.37322200    1.90217800   -1.05986800 
 C                 -2.76193500    0.87796000   -2.54227300 
 C                 -4.93313900    2.58173200   -2.14350100 
 H                 -4.78340400    2.05266000   -0.06643200 
 C                 -3.33080100    1.54947500   -3.62630200 
 H                 -1.90344700    0.22921400   -2.69671700 
 C                 -4.41665900    2.40511800   -3.42899300 
 H                 -5.77491000    3.25014600   -1.98117900 
 H                 -2.91730400    1.41049300   -4.62172900 
 H                 -4.85481700    2.93487300   -4.27086900 
 C                 -2.99619700    1.02245200    1.66358100 
 C                 -4.25461200    0.85900800    2.26716400 
 C                 -2.08618000    1.92547400    2.23279800 
 C                 -4.59299300    1.58919800    3.40776600 
 H                 -4.96741100    0.15269100    1.85211600 
 C                 -2.42710200    2.65889200    3.37079500 
 H                 -1.10212300    2.04352600    1.78900700 
 C                 -3.68094700    2.49164300    3.96084000 
 H                 -5.56874400    1.44983600    3.86625300 
 H                 -1.70358400    3.34669100    3.79983400 
 H                 -3.94477600    3.05466600    4.85240100 
 C                 -3.48231800   -1.45268600    0.24854500 
 C                 -4.32528000   -1.88790200   -0.78409200 
 C                 -3.31239100   -2.28366800    1.37177400 
 C                 -4.98230800   -3.11816100   -0.69495900 
 H                 -4.47365000   -1.26720700   -1.66187500 
 C                 -3.97450300   -3.50772300    1.46194000 
 H                 -2.66815900   -1.96725100    2.18866200 
 C                 -4.81135600   -3.93105200    0.42567800 
 H                 -5.63313500   -3.43666100   -1.50530600 
 H                 -3.83402700   -4.13072000    2.34144300 
 H                 -5.32462000   -4.88653000    0.49300700 
 C                  1.40074900    3.04594500   -1.03797100 
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 C                  0.09559200    3.33821200   -1.46109200 
 C                  2.43227800    3.94301800   -1.36030100 
 C                 -0.17775200    4.50468500   -2.17845100 
 H                 -0.70613300    2.64102900   -1.23646800 
 C                  2.15951300    5.10646100   -2.08131900 
 H                  3.45211200    3.72959200   -1.05495700 
 C                  0.85415200    5.39102100   -2.49054200 
 H                 -1.19512800    4.70952000   -2.50096000 
 H                  2.96878200    5.78956500   -2.32671400 
 H                  0.64542100    6.29573600   -3.05577800 
 C                  3.44627900    1.07127500   -0.51738200 
 C                  3.66861700    0.30771200   -1.67432300 
 C                  4.55255000    1.49231600    0.23718500 
 C                  4.96546400   -0.01490200   -2.07504500 
 H                  2.82086600   -0.04892700   -2.25184800 
 C                  5.85089500    1.16059100   -0.16083500 
 H                  4.40438100    2.07879300    1.13868700 
 C                  6.06074000    0.40895900   -1.31861500 
 H                  5.11861000   -0.60739100   -2.97325700 
 H                  6.69735000    1.49541900    0.43379800 
 H                  7.07076900    0.15221700   -1.62750900 
 C                  1.83820300    2.06457900    1.68047300 
 C                  2.06232200    1.09491900    2.67537100 
 C                  1.68461200    3.40371300    2.06658900 
 C                  2.14280200    1.46030300    4.01816900 
 H                  2.17637300    0.05115200    2.39320100 
 C                  1.75323300    3.76552700    3.41627000 
 H                  1.51230700    4.16865400    1.31636400 
 C                  1.98405400    2.79781900    4.39413700 
 H                  2.32061200    0.69843800    4.77271600 
 H                  1.63240500    4.80861200    3.69820700 
 H                  2.03936000    3.08101200    5.44198500 
 P                  1.66370100   -3.35278400    1.18598900 
 O                  2.26647600   -4.41465700    0.09874900 
 O                  2.78120300   -2.17415700    1.12189100 
 O                  1.36685200   -3.96314000    2.52369200 
 C                  1.86152200   -5.79113900    0.14751300 
 C                  4.14262500   -2.46298900    1.48605900 
 H                  1.63351600   -6.09365500    1.17313200 
 H                  0.98584100   -5.94345600   -0.49298300 
 H                  2.69660900   -6.38024500   -0.23907500 
 H                  4.19477000   -2.84824500    2.50955900 
 H                  4.68167400   -1.51766500    1.41166400 
 H                  4.57231000   -3.19033900    0.79166500 
 I                  0.54075900   -2.27422000   -1.97211000 
 
TS 4.01 R = 3PE 
 
E: -1970.246783 
H: -1970.245839 
G: -1970.393485 
Thermal Correction to Enthalpy: 0.778578 
Thermal Correction to Gibbs Free Energy: 0.630933  
SPE: -2975.613393 
 
0 1 
 P                 -2.51563700   -0.20930000    0.12742200 
 Pd                -0.06466600   -0.19364400   -0.10592600 
 C                  0.82140200   -2.72232400    0.89451300 
 P                  1.36497300    1.77170900   -0.05193300 
 C                 -3.31213000    0.46638400   -1.42078600 
 C                 -4.43855300    1.30337200   -1.41949200 
 C                 -2.71934800    0.13681200   -2.65273900 
 C                 -4.96541700    1.78742000   -2.61928500 
 H                 -4.90482600    1.58987200   -0.48315500 
 C                 -3.25770000    0.60919600   -3.85101100 
 H                 -1.82485900   -0.47991400   -2.66953400 
 C                 -4.38138000    1.43773900   -3.83824300 
 H                 -5.83613600    2.43809400   -2.59819600 
 H                 -2.78692400    0.33960700   -4.79278700 
 H                 -4.79454000    1.81415900   -4.77045100 
 C                 -3.27872600    0.80655900    1.49025800 
 C                 -4.61498400    0.67031700    1.90746700 
 C                 -2.47087800    1.75908400    2.12793300 
 C                 -5.12603000    1.47305500    2.92810000 
 H                 -5.25558200   -0.07217800    1.44073300 
 C                 -2.98270300    2.56408600    3.14842700 
 H                 -1.43235300    1.86376700    1.82748100 
 C                 -4.31125800    2.42315100    3.55027200 
 H                 -6.16079600    1.35422300    3.23939300 
 H                 -2.33497600    3.29116100    3.63072400 
 H                 -4.71055400    3.04402400    4.34810200 
 C                 -3.38819400   -1.84631300    0.34621700 
 C                 -3.79826200   -2.61335000   -0.75586800 
 C                 -3.51462800   -2.40609800    1.63100700 
 C                 -4.32032900   -3.89643500   -0.57841200 
 H                 -3.71757700   -2.20809700   -1.75937700 
 C                 -4.04009800   -3.68721300    1.80670900 
 H                 -3.21923000   -1.83108700    2.50442800 
 C                 -4.44344400   -4.43974600    0.70165000 
 H                 -4.63542200   -4.46958300   -1.44664500 
 H                 -4.13580400   -4.09466700    2.81004000 
 H                 -4.85168100   -5.43762700    0.83733100 
 C                  0.72436200    3.24394200   -1.00297600 
 C                 -0.62786400    3.25912300   -1.37323400 
 C                  1.53379100    4.33438700   -1.36319600 
 C                 -1.16500700    4.33950500   -2.07691200 
 H                 -1.25798000    2.41373400   -1.11769500 
 C                  0.99819800    5.41242600   -2.06892100 
 H                  2.58722900    4.34069500   -1.10094000 
 C                 -0.35267000    5.41858500   -2.42662600 
 H                 -2.21452600    4.32548000   -2.35839100 
 H                  1.63869500    6.24693400   -2.34319300 
 H                 -0.76592800    6.25744200   -2.98087800 
 C                  3.14606400    1.73568600   -0.60591900 
 C                  3.45709000    0.97438200   -1.74378900 
 C                  4.17553300    2.44559100    0.03328300 
 C                  4.76138400    0.93779200   -2.23959300 
 H                  2.67929900    0.39470700   -2.23114300 
 C                  5.48281100    2.40098500   -0.45969500 
 H                  3.95979000    3.03503400    0.91907700 
 C                  5.77831400    1.65028300   -1.59963900 
 H                  4.98298100    0.34294300   -3.12187500 
 H                  6.26758200    2.95812800    0.04620900 
 H                  6.79466400    1.61788200   -1.98379300 
 C                  1.51872400    2.43483800    1.68415900 
 C                  2.12168200    1.61353900    2.65563300 
 C                  0.99074800    3.67077900    2.08585600 
 C                  2.19976600    2.02241300    3.98615100 
 H                  2.53436000    0.65029700    2.36528800 
 C                  1.06050500    4.07370200    3.42370600 
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 H                  0.52621900    4.32530500    1.35534500 
 C                  1.66438100    3.25370700    4.37683700 
 H                  2.67475700    1.37639200    4.72010200 
 H                  0.64805400    5.03668800    3.71489700 
 H                  1.71987100    3.56923200    5.41530600 
 P                  2.63681000   -2.98852500    1.05590400 
 O                  3.18882600   -3.82633900   -0.23057100 
 O                  3.26459300   -1.50786400    0.82831700 
 O                  2.94052600   -3.65471700    2.36904800 
 C                  3.58932100   -5.20034200   -0.09472900 
 C                  4.69806300   -1.36396100    0.89556700 
 H                  3.69204600   -5.47561700    0.95767900 
 H                  2.84398800   -5.83838500   -0.57989100 
 H                  4.54873200   -5.31247000   -0.60673800 
 H                  5.08229100   -1.77995900    1.83247300 
 H                  4.89877100   -0.29411400    0.84513300 
 H                  5.16335700   -1.86627600    0.04278500 
 I                  0.78297300   -2.07249100   -1.89165100 
 C                  0.29801000   -1.96663600    2.10276600 
 H                  0.66628300   -0.93830800    2.18282400 
 H                 -0.79290700   -1.96660300    2.12468900 
 H                  0.65588100   -2.50565600    2.99623700 
 C                  0.06937800   -4.01310500    0.64594900 
 H                 -0.98548400   -3.81209200    0.44349800 
 H                  0.48233700   -4.58992600   -0.18274600 
 H                  0.12463300   -4.62041500    1.56413100 
 
4.22 R = Ph 
 
E: -1772.063281 
H: -1772.062336 
G: -1772.18945 
Thermal Correction to Enthalpy: 0.687041 
Thermal Correction to Gibbs Free Energy: 0.559927  
SPE: -2442.640389 
 
0 1 
 Pd                -0.25868500   -1.00876000    0.00069300 
 P                 -1.79734900    0.82355000    0.05044200 
 I                  1.05693100   -3.34897800    0.46188300 
 C                 -3.54307700    0.49376700    0.59708600 
 C                 -4.46079100   -0.06292400   -0.30871300 
 C                 -3.95648300    0.74243900    1.91363800 
 C                 -5.76318100   -0.35381300    0.09313600 
 H                 -4.15566800   -0.28630000   -1.32499900 
 C                 -5.26132400    0.44525500    2.31362100 
 H                 -3.26767800    1.17273900    2.63259100 
 C                 -6.16841400   -0.09997700    1.40538600 
 H                 -6.45762800   -0.78899400   -0.62000400 
 H                 -5.56608500    0.64648000    3.33725700 
 H                 -7.18354000   -0.32978800    1.71800000 
 C                 -1.26335300    2.11712900    1.27176900 
 C                 -0.57415800    1.68563900    2.41594100 
 C                 -1.55387800    3.48154300    1.12757900 
 C                 -0.18739000    2.59814800    3.40026800 
 H                 -0.32689500    0.63388400    2.52996400 
 C                 -1.16304300    4.39301600    2.10978200 
 H                 -2.07156900    3.83974600    0.24405500 
 C                 -0.48075500    3.95467100    3.24788300 
 H                  0.35396600    2.24699900    4.27414700 
 H                 -1.39114000    5.44826100    1.98408200 
 H                 -0.17592200    4.66768300    4.00920300 
 C                 -2.04163000    1.70829400   -1.55858700 
 C                 -3.13599900    2.56000800   -1.79122400 
 C                 -1.10269000    1.51719800   -2.58130600 
 C                 -3.27283100    3.21579200   -3.01477700 
 H                 -3.89148000    2.69537200   -1.02346400 
 C                 -1.24102600    2.17481100   -3.80505100 
 H                 -0.26294000    0.84990800   -2.41696200 
 C                 -2.32473400    3.02573700   -4.02339400 
 H                 -4.12460700    3.86959900   -3.18220500 
 H                 -0.50263200    2.01725800   -4.58608300 
 H                 -2.43599000    3.53378700   -4.97758100 
 C                 -1.88522200   -2.21664100   -0.23275900 
 C                 -2.27390100   -2.52658600   -1.54152300 
 C                 -2.59930000   -2.76289200    0.83848200 
 C                 -3.36954900   -3.36745100   -1.77471900 
 H                 -1.72191200   -2.12997900   -2.39046200 
 C                 -3.69235000   -3.60182500    0.60285400 
 H                 -2.30023500   -2.55341000    1.86124100 
 C                 -4.08287800   -3.90622700   -0.70322800 
 H                 -3.65566700   -3.60442000   -2.79747300 
 H                 -4.23399300   -4.02454000    1.44618400 
 H                 -4.93015000   -4.56321100   -0.88353900 
 P                  2.01319000    0.24207000   -0.06901000 
 C                  2.12169800    1.94718400   -0.83044200 
 C                  1.74269000    3.08280400   -0.09445100 
 C                  2.51355600    2.11950800   -2.16831600 
 C                  1.76233000    4.35026600   -0.67787900 
 H                  1.44633300    2.98468000    0.94392000 
 C                  2.52458500    3.38816500   -2.75169600 
 H                  2.82427800    1.26368300   -2.75817600 
 C                  2.15051200    4.50861100   -2.00939900 
 H                  1.47120400    5.21356400   -0.08556300 
 H                  2.83809300    3.49817500   -3.78671600 
 H                  2.16526500    5.49642600   -2.46226300 
 C                  3.24303100   -0.67702400   -1.11791800 
 C                  2.76917400   -1.40532900   -2.21932600 
 C                  4.62408400   -0.61730200   -0.88715900 
 C                  3.65915700   -2.04208300   -3.08526400 
 H                  1.70008100   -1.49646800   -2.38568500 
 C                  5.51232600   -1.26874400   -1.74474200 
 H                  5.01199900   -0.07341100   -0.03218800 
 C                  5.03319900   -1.97691900   -2.84815100 
 H                  3.27549800   -2.60580200   -3.93123900 
 H                  6.58011300   -1.22283800   -1.54721700 
 H                  5.72640400   -2.48397800   -3.51410500 
 C                  2.86627300    0.46658700    1.56770200 
 C                  2.53377900   -0.40464900    2.61735400 
 C                  3.83567600    1.45861300    1.79284400 
 C                  3.15599100   -0.28488000    3.86167700 
 H                  1.80477600   -1.19197100    2.45103400 
 C                  4.45370900    1.57711500    3.03902100 
 H                  4.10425900    2.14876600    0.99961200 
 C                  4.11443400    0.70701500    4.07706200 
 H                  2.89088600   -0.97268200    4.66020200 
 H                  5.20101300    2.35061600    3.19624500 
 H                  4.59664900    0.80037500    5.04668700 
 
 150 
4.22 R = 1PE 
 
E: -1891.756511 
H: -1891.755566 
G: -1891.894611 
Thermal Correction to Enthalpy: 0.721377 
Thermal Correction to Gibbs Free Energy: 0.582333  
SPE: -2897.111664 
 
0 1 
 Pd                 0.20423700   -0.72145300   -0.60076100 
 P                  1.54877000    1.22913500   -0.19698500 
 I                 -1.12629900   -2.73846900   -1.89387900 
 C                  3.19096200    1.32461900   -1.07143300 
 C                  4.33305100    0.75646700   -0.47912600 
 C                  3.30557300    1.92034300   -2.33725800 
 C                  5.56278500    0.80703000   -1.13853400 
 H                  4.25115000    0.25317200    0.47912600 
 C                  4.53779400    1.96016400   -2.99267000 
 H                  2.43933700    2.36532800   -2.81506300 
 C                  5.67112800    1.40872700   -2.39382300 
 H                  6.43884000    0.37091800   -0.66530200 
 H                  4.60876400    2.42944600   -3.97029800 
 H                  6.63068200    1.44512100   -2.90281800 
 C                  0.66580900    2.69376800   -0.92801300 
 C                 -0.15158800    2.47619200   -2.04830500 
 C                  0.81071700    4.00063600   -0.43869500 
 C                 -0.80769200    3.54149200   -2.66946500 
 H                 -0.28495100    1.46641700   -2.42699300 
 C                  0.15288200    5.06381900   -1.05909900 
 H                  1.42069900    4.19117100    0.43736500 
 C                 -0.65685700    4.83819100   -2.17520000 
 H                 -1.44653500    3.35085100   -3.52696300 
 H                  0.27131600    6.07038800   -0.66639700 
 H                 -1.17110200    5.66770800   -2.65307800 
 C                  1.97529800    1.70240900    1.53663200 
 C                  2.95111300    2.67266200    1.82466500 
 C                  1.31794600    1.06402200    2.59452000 
 C                  3.23839900    3.01233200    3.14653200 
 H                  3.50237200    3.14883700    1.01957800 
 C                  1.60545200    1.40706500    3.91603300 
 H                  0.58897800    0.29047100    2.38261500 
 C                  2.56313100    2.38212500    4.19449600 
 H                  3.99629100    3.76232100    3.35679700 
 H                  1.08647400    0.90279100    4.72603800 
 H                  2.79191900    2.64376900    5.22425800 
 P                 -2.04811400    0.08708300    0.25410500 
 C                 -2.12375300    1.39253800    1.58972900 
 C                 -1.99822600    2.75054100    1.25062000 
 C                 -2.26411400    1.05051300    2.94395000 
 C                 -2.01336900    3.73550500    2.23831800 
 H                 -1.90584200    3.04552100    0.21127400 
 C                 -2.27474400    2.03888000    3.93093200 
 H                 -2.37545900    0.01119700    3.23363100 
 C                 -2.14906300    3.38383900    3.58278000 
 H                 -1.91921400    4.77961700    1.95209400 
 H                 -2.39093300    1.75279800    4.97312800 
 H                 -2.16107800    4.15224900    4.35114600 
 C                 -2.86716600   -1.34383200    1.11298300 
 C                 -2.05010700   -2.29497500    1.74388800 
 C                 -4.25962700   -1.47334500    1.20389500 
 C                 -2.61964300   -3.34092900    2.47155200 
 H                 -0.96976800   -2.24037500    1.64274300 
 C                 -4.82519500   -2.53058700    1.91883100 
 H                 -4.90894200   -0.76047200    0.70686100 
 C                 -4.00742300   -3.46241300    2.55991200 
 H                 -1.97584200   -4.07203500    2.95323100 
 H                 -5.90664700   -2.62543300    1.97092100 
 H                 -4.44921800   -4.28499700    3.11613100 
 C                 -3.30590900    0.72895100   -0.95975900 
 C                 -3.15832200    0.44598300   -2.32615800 
 C                 -4.40949100    1.49547700   -0.54514800 
 C                 -4.09415600    0.91129600   -3.25241200 
 H                 -2.32496900   -0.16038300   -2.66416600 
 C                 -5.34316400    1.95878700   -1.47331100 
 H                 -4.53766700    1.74354600    0.50352100 
 C                 -5.18783800    1.66827800   -2.83016200 
 H                 -3.96614800    0.67432700   -4.30530800 
 H                 -6.19045000    2.54861000   -1.13339900 
 H                 -5.91498900    2.02982400   -3.55259700 
 C                  1.95123700   -1.80073800   -1.04650800 
 P                  2.64990000   -2.44679800    0.48031800 
 H                  2.69107600   -1.15988100   -1.52875000 
 O                  1.46171000   -3.41974200    1.04498500 
 O                  3.76562400   -3.59746400    0.05629100 
 O                  3.20962200   -1.46129000    1.47510600 
 C                  1.74299000   -4.25500000    2.17533700 
 C                  5.15582300   -3.26534300    0.06884700 
 H                  2.12006300   -3.66298000    3.01648000 
 H                  0.79865800   -4.72960000    2.45055000 
 H                  5.41138200   -2.68050000    0.95746200 
 H                  5.43097900   -2.69791300   -0.82920700 
 H                  5.70548100   -4.21042500    0.07376400 
 H                  2.47581400   -5.02312100    1.90969600 
 H                  1.69659800   -2.62886300   -1.70633700 
 
4.22 R = 3PE 
 
E: -1970.297121 
H: -1970.296177 
G: -1970.440354 
Thermal Correction to Enthalpy: 0.780864 
Thermal Correction to Gibbs Free Energy: 0.636687  
SPE: -2975.680897 
 
0 1 
 Pd                 0.15731300   -0.84850000   -0.45769800 
 P                  1.53199200    1.16002500   -0.38156600 
 I                 -1.14951500   -2.20455600   -2.53746500 
 C                  3.01625100    1.21880800   -1.51437000 
 C                  4.32347200    1.06340700   -1.02177800 
 C                  2.83234000    1.37766300   -2.89802400 
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 C                  5.41352500    1.09029000   -1.89381100 
 H                  4.48216400    0.88895200    0.03394600 
 C                  3.92532900    1.39220900   -3.76510600 
 H                  1.83763000    1.49847500   -3.31109600 
 C                  5.22130900    1.25412400   -3.26631100 
 H                  6.41746400    0.97511700   -1.49316300 
 H                  3.75862600    1.51604900   -4.83176100 
 H                  6.07270000    1.27055500   -3.94164800 
 C                  0.44347400    2.44818900   -1.18860700 
 C                 -0.40031100    2.05558200   -2.24175900 
 C                  0.46576000    3.80111100   -0.81378500 
 C                 -1.18534900    2.99551600   -2.91307400 
 H                 -0.45194800    1.01003800   -2.53566700 
 C                 -0.32800300    4.73629600   -1.48087400 
 H                  1.09376800    4.13097500    0.00581800 
 C                 -1.15287900    4.33804600   -2.53457700 
 H                 -1.83205600    2.67027100   -3.72270100 
 H                 -0.29840700    5.77886600   -1.17441400 
 H                 -1.76941300    5.06764800   -3.05273100 
 C                  2.09472500    1.98101400    1.17925600 
 C                  3.03100600    3.02752000    1.18862400 
 C                  1.54140500    1.55592600    2.39321200 
 C                  3.39854400    3.63665700    2.38995000 
 H                  3.48289800    3.36375100    0.26092500 
 C                  1.90371400    2.17065200    3.59216000 
 H                  0.83418900    0.73396900    2.39906600 
 C                  2.83496800    3.21044300    3.59396200 
 H                  4.12762700    4.44268600    2.38227000 
 H                  1.45639300    1.83418800    4.52316600 
 H                  3.12270300    3.68488100    4.52856300 
 P                 -2.14588900    0.07887100    0.45904900 
 C                 -2.05844600    1.23201800    1.92613300 
 C                 -1.86403900    2.60468500    1.68975300 
 C                 -2.14332300    0.78648800    3.25358700 
 C                 -1.76267000    3.50304600    2.75098600 
 H                 -1.80813200    2.97888400    0.67270200 
 C                 -2.03508200    1.68894500    4.31578500 
 H                 -2.30872700   -0.26425300    3.46583200 
 C                 -1.84502500    3.04876100    4.06948800 
 H                 -1.61736800    4.56027300    2.54540800 
 H                 -2.11325300    1.32436400    5.33706300 
 H                 -1.76624000    3.74995700    4.89602800 
 C                 -2.84904800   -1.47265800    1.20557100 
 C                 -1.98014700   -2.32556100    1.90844500 
 C                 -4.19600900   -1.83713900    1.07599400 
 C                 -2.45464600   -3.50639000    2.48103600 
 H                 -0.92721100   -2.07379600    2.00794600 
 C                 -4.66459300   -3.02573200    1.64058400 
 H                 -4.88259500   -1.20118200    0.52828400 
 C                 -3.79859800   -3.86141000    2.34620800 
 H                 -1.76884900   -4.15396600    3.02108400 
 H                 -5.71052000   -3.29719000    1.52408400 
 H                 -4.16576500   -4.78660000    2.78236100 
 C                 -3.58551100    0.80522700   -0.47351200 
 C                 -3.68825600    0.60122900   -1.85736500 
 C                 -4.59874400    1.52694700    0.18209400 
 C                 -4.77826600    1.10854900   -2.56846800 
 H                 -2.92831800    0.02500500   -2.37464400 
 C                 -5.68362900    2.03586000   -0.53262400 
 H                 -4.54274800    1.69394800    1.25264200 
 C                 -5.77557400    1.82935600   -1.91097900 
 H                 -4.84456300    0.93438700   -3.63925300 
 H                 -6.45788900    2.59137800   -0.00969800 
 H                 -6.62161000    2.22555100   -2.46668600 
 C                  1.72188400   -2.30516600   -0.38702700 
 P                  2.67902600   -1.94728700    1.13606000 
 O                  1.54133000   -2.11286700    2.31326400 
 O                  3.59271800   -3.29837200    1.42760900 
 O                  3.51083800   -0.69721200    1.22673600 
 C                  1.96821400   -2.02453400    3.68149100 
 C                  5.01684100   -3.26175900    1.27361700 
 H                  2.53348400   -1.10311000    3.85228100 
 H                  1.06074600   -2.02001800    4.28916800 
 H                  5.39445300   -2.24074300    1.37083000 
 H                  5.29681500   -3.66601600    0.29428700 
 H                  5.44435500   -3.89383200    2.05741300 
 H                  2.58340900   -2.89106600    3.94411200 
 C                  2.65337000   -2.31413300   -1.59925000 
 H                  2.06326200   -2.48507800   -2.50439400 
 H                  3.20927100   -1.38300800   -1.71587200 
 H                  3.38123100   -3.13777600   -1.51744600 
 C                  1.03674800   -3.67467800   -0.20825400 
 H                  0.21725900   -3.65024300    0.51340300 
 H                  0.63559000   -4.01947200   -1.16146200 
 H                  1.77305200   -4.40930300    0.14940600 
 
4.23 R = Ph 
 
E: -1772.073478 
H: -1772.072534 
G: -1772.200387 
Thermal Correction to Enthalpy: 0.687231 
Thermal Correction to Gibbs Free Energy: 0.559378  
SPE: -2442.642738 
 
0 1 
 Pd                 0.00339000   -0.03783900    0.00763800 
 P                 -2.42207600    0.02521400   -0.04359300 
 C                 -3.25157200    1.48317200   -0.85406400 
 C                 -3.87077000    1.36197300   -2.10746500 
 C                 -3.23101000    2.74290800   -0.23160900 
 C                 -4.45760700    2.47148600   -2.72067500 
 H                 -3.90601800    0.40103900   -2.60852600 
 C                 -3.82672000    3.84560900   -0.84213900 
 H                 -2.74198200    2.86915800    0.72781300 
 C                 -4.44132700    3.71492200   -2.08936700 
 H                 -4.93428100    2.35615300   -3.69061900 
 H                 -3.79923200    4.81037700   -0.34319600 
 H                 -4.90238200    4.57651400   -2.56514300 
 C                 -3.22961300   -1.39985800   -0.91329400 
 C                 -2.62707000   -1.91304500   -2.07152900 
 C                 -4.44932700   -1.93842500   -0.48282800 
 C                 -3.24283000   -2.93380100   -2.79562600 
 H                 -1.66529300   -1.52732100   -2.39505400 
 C                 -5.05584900   -2.97091900   -1.20085800 
 H                 -4.92490000   -1.56373100    0.41750900 
 C                 -4.45751300   -3.46715200   -2.35974200 
 H                 -2.76221000   -3.32505400   -3.68807300 
 H                 -5.99643400   -3.38753800   -0.85035900 
 H                 -4.93042400   -4.27198100   -2.91623500 
 C                 -3.13961900    0.01361800    1.66693200 
 C                 -4.38265400    0.59733100    1.96253800 
 C                 -2.42712700   -0.62798600    2.69233400 
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 C                 -4.89942000    0.54105700    3.25809400 
 H                 -4.94494500    1.10322300    1.18458200 
 C                 -2.94921100   -0.68325800    3.98571200 
 H                 -1.47537100   -1.10149500    2.47061500 
 C                 -4.18356400   -0.09761900    4.27247600 
 H                 -5.86175200    0.99836400    3.47261000 
 H                 -2.38796100   -1.18656600    4.76833100 
 H                 -4.58636300   -0.13833100    5.28110400 
 C                 -0.00299400    2.00011300    0.05235300 
 C                 -0.05064300    2.63806800    1.30190100 
 C                  0.04514700    2.79210900   -1.10207000 
 C                 -0.05137900    4.03610400    1.39244400 
 H                 -0.09349100    2.04950200    2.21590400 
 C                  0.04427000    4.18762800   -1.01253300 
 H                  0.08499900    2.32693500   -2.08379300 
 C                 -0.00416700    4.81524700    0.23426500 
 H                 -0.09001500    4.51212000    2.37029700 
 H                  0.08150400    4.78408900   -1.92138100 
 H                 -0.00455500    5.90035100    0.30288800 
 P                  2.42329700    0.00831000   -0.06375100 
 C                  3.11765500   -1.28289500   -1.19770500 
 C                  2.43449000   -1.55008700   -2.39393000 
 C                  4.30991600   -1.96579200   -0.92621900 
 C                  2.94557700   -2.46788500   -3.31101200 
 H                  1.49200300   -1.04976200   -2.59797100 
 C                  4.81147700   -2.89585500   -1.83913100 
 H                  4.84420000   -1.78656200    0.00089600 
 C                  4.13504200   -3.14523600   -3.03377100 
 H                  2.40513300   -2.66623400   -4.23261400 
 H                  5.73155100   -3.42762500   -1.61161600 
 H                  4.52719800   -3.87049900   -3.74172400 
 C                  3.25583000   -0.25263800    1.57364200 
 C                  2.56622200   -0.90589700    2.60567100 
 C                  4.57380300    0.18021200    1.80248800 
 C                  3.18295000   -1.12259800    3.83956900 
 H                  1.55748100   -1.26602200    2.43321900 
 C                  5.18630300   -0.03982200    3.03677800 
 H                  5.11981000    0.69892000    1.02109700 
 C                  4.49132900   -0.69013500    4.05888300 
 H                  2.63630200   -1.63302200    4.62785300 
 H                  6.20561700    0.30062700    3.19886000 
 H                  4.96829400   -0.85782300    5.02100200 
 C                  3.24032100    1.56225800   -0.68104900 
 C                  3.27611100    2.69836200    0.14496700 
 C                  3.78606700    1.64827200   -1.96978300 
 C                  3.84874500    3.88584700   -0.30611200 
 H                  2.84699700    2.66094700    1.14039900 
 C                  4.35462000    2.84231800   -2.42116800 
 H                  3.77767700    0.78442500   -2.62554400 
 C                  4.38999700    3.96264000   -1.59171700 
 H                  3.86428000    4.75388700    0.34715800 
 H                  4.77547300    2.88916800   -3.42219900 
 H                  4.83485400    4.88990100   -1.94314100 
 I                  0.02823900   -2.81868900    0.35735700 
 
4.23 R = 1PE 
 
E: -1891.767069 
H: -1891.766125 
G: -1891.905232 
Thermal Correction to Enthalpy: 0.72162 
Thermal Correction to Gibbs Free Energy: 0.582513  
SPE: -2897.116204 
 
0 1 
 Pd                 0.00794700   -0.08808200   -0.05084500 
 P                 -2.41067900   -0.23028500   -0.25994900 
 C                 -3.26415200    0.89287000   -1.48312300 
 C                 -3.77027100    0.42738100   -2.70585900 
 C                 -3.38663400    2.26095400   -1.17818900 
 C                 -4.38577800    1.30679000   -3.60050400 
 H                 -3.69845700   -0.62334700   -2.96271500 
 C                 -4.00283000    3.13428800   -2.07424400 
 H                 -2.99123300    2.64479700   -0.24349400 
 C                 -4.50503600    2.66089200   -3.28852200 
 H                 -4.77670800    0.92567500   -4.54032800 
 H                 -4.08468400    4.18791200   -1.82138700 
 H                 -4.98474400    3.34295500   -3.98548400 
 C                 -2.87749500   -1.91614400   -0.87157100 
 C                 -2.14942400   -2.44812600   -1.94843600 
 C                 -3.91603000   -2.67112100   -0.31351700 
 C                 -2.46933600   -3.70060300   -2.47032300 
 H                 -1.32493100   -1.88141600   -2.37392600 
 C                 -4.22436500   -3.93236600   -0.82877600 
 H                 -4.47616600   -2.28817300    0.53257400 
 C                 -3.50775200   -4.44762200   -1.90872800 
 H                 -1.89960600   -4.09822500   -3.30601500 
 H                 -5.02530200   -4.51295900   -0.37897100 
 H                 -3.75014300   -5.42934200   -2.30662000 
 C                 -3.41307700    0.06755800    1.26876700 
 C                 -4.80169300    0.27141300    1.19163000 
 C                 -2.78586900    0.11079700    2.52119800 
 C                 -5.54767300    0.49994200    2.34826000 
 H                 -5.30107000    0.26017500    0.22752900 
 C                 -3.53592400    0.34299100    3.67653800 
 H                 -1.71646300   -0.05053000    2.59056900 
 C                 -4.91565500    0.53634900    3.59347400 
 H                 -6.62106600    0.65316100    2.27457200 
 H                 -3.03740400    0.36728600    4.64181100 
 H                 -5.49703200    0.71620900    4.49401800 
 P                  2.42623900   -0.22345400   -0.15994700 
 C                  2.98672700   -1.93481400   -0.61489800 
 C                  2.18249900   -2.70292000   -1.47022400 
 C                  4.21240800   -2.45859500   -0.18291900 
 C                  2.60519600   -3.96012400   -1.90179400 
 H                  1.21198500   -2.32580500   -1.77794700 
 C                  4.62716500   -3.72327200   -0.60498000 
 H                  4.84170900   -1.89106300    0.49396600 
 C                  3.82904500   -4.47406300   -1.46887100 
 H                  1.96855100   -4.54486300   -2.56024000 
 153 
 H                  5.57545400   -4.12108200   -0.25333400 
 H                  4.15355400   -5.45869400   -1.79489700 
 C                  3.34718500    0.21576400    1.38307500 
 C                  2.67824200    0.19843200    2.61422100 
 C                  4.71047900    0.55526300    1.35044800 
 C                  3.36345700    0.50063900    3.79181200 
 H                  1.62669000   -0.06269700    2.65098300 
 C                  5.39125200    0.85702000    2.53018100 
 H                  5.24009500    0.59669700    0.40398400 
 C                  4.71893200    0.82908200    3.75364900 
 H                  2.83206500    0.48183800    4.73936600 
 H                  6.44536100    1.11871300    2.49051400 
 H                  5.24923300    1.06750700    4.67196000 
 C                  3.27287400    0.80363600   -1.46669300 
 C                  3.51342500    2.17098200   -1.23870200 
 C                  3.63774500    0.24811200   -2.70317200 
 C                  4.11930900    2.95178100   -2.22508900 
 H                  3.20930400    2.62612600   -0.30093300 
 C                  4.23728700    1.03751500   -3.68697800 
 H                  3.46912100   -0.80498800   -2.90058000 
 C                  4.48411000    2.39024700   -3.45038100 
 H                  4.30637300    4.00475900   -2.03001300 
 H                  4.51839700    0.58790000   -4.63574600 
 H                  4.95687000    3.00180200   -4.21450800 
 I                 -0.05745000   -2.38643100    1.51103200 
 C                  0.03040000    1.78812500   -0.99487300 
 P                  0.18949000    3.06793100    0.26071000 
 H                 -0.87890000    1.95026600   -1.57359800 
 O                 -0.27583700    4.50729900   -0.42233900 
 O                 -1.12308400    2.80835100    1.21437800 
 O                  1.50001100    3.18686400    0.99198200 
 C                  0.72929800    5.40872500   -0.89414300 
 C                 -1.30057400    3.65064000    2.36442600 
 H                  1.55479600    5.48278600   -0.18006500 
 H                  1.12052700    5.08557800   -1.86724100 
 H                  0.24941500    6.38422600   -1.01014800 
 H                 -1.62233400    4.65134300    2.05723200 
 H                 -0.36969200    3.72270100    2.93490000 
 H                 -2.07505900    3.17979100    2.97277800 
 H                  0.89154900    1.86208200   -1.66175100 
 
4.23 R = 3PE 
 
E: -1970.295038 
H: -1970.294094 
G: -1970.438725 
Thermal Correction to Enthalpy: 0.780762 
Thermal Correction to Gibbs Free Energy: 0.636131  
SPE: -2975.678556 
 
0 1 
 Pd                -0.03474400    0.07849300   -0.29300900 
 P                 -2.49804700   -0.20285900   -0.16772600 
 C                 -3.81106900    0.81836200   -1.03726100 
 C                 -4.37036500    0.43035400   -2.26291800 
 C                 -4.24057300    2.02436300   -0.45497200 
 C                 -5.33367400    1.22578400   -2.88931800 
 H                 -4.06877800   -0.49981800   -2.73131400 
 C                 -5.20200300    2.81555400   -1.08126800 
 H                 -3.81308600    2.35032600    0.48710000 
 C                 -5.75264200    2.41927100   -2.30278100 
 H                 -5.75880400    0.90366100   -3.83634600 
 H                 -5.52047500    3.74353200   -0.61372400 
 H                 -6.50322900    3.03558700   -2.79034400 
 C                 -2.87994100   -1.89043000   -0.84290300 
 C                 -2.27875600   -2.23448400   -2.06400600 
 C                 -3.73309600   -2.81261800   -0.22478200 
 C                 -2.54311200   -3.46507100   -2.66530600 
 H                 -1.58499000   -1.54375000   -2.53728800 
 C                 -3.98700900   -4.04827600   -0.82275700 
 H                 -4.17840200   -2.58826700    0.73755300 
 C                 -3.39963200   -4.37646000   -2.04516600 
 H                 -2.06764200   -3.71599400   -3.60978400 
 H                 -4.64020200   -4.75904600   -0.32354500 
 H                 -3.59846400   -5.34022800   -2.50606900 
 C                 -3.16083900   -0.07606200    1.56172700 
 C                 -4.52206600   -0.29100800    1.83935900 
 C                 -2.31770400    0.34106500    2.59987000 
 C                 -5.01534300   -0.13366200    3.13488000 
 H                 -5.20542500   -0.56238300    1.04094800 
 C                 -2.81697100    0.51679900    3.89202700 
 H                 -1.26994000    0.52399400    2.39379800 
 C                 -4.16286400    0.26974900    4.16489400 
 H                 -6.06785600   -0.31580800    3.33499700 
 H                 -2.14834500    0.83857000    4.68582600 
 H                 -4.54849200    0.39818800    5.17285800 
 P                  2.44660100   -0.31035300   -0.11236000 
 C                  2.71698600   -2.00774900   -0.81828900 
 C                  2.16995000   -2.25756100   -2.08705000 
 C                  3.43081500   -3.02772600   -0.17777400 
 C                  2.34906600   -3.49273600   -2.70986700 
 H                  1.59066800   -1.48407400   -2.58591900 
 C                  3.59914200   -4.26754400   -0.79753700 
 H                  3.83262700   -2.87227500    0.81675500 
 C                  3.06504700   -4.50307700   -2.06484300 
 H                  1.91982000   -3.66827000   -3.69291500 
 H                  4.14381900   -5.05340300   -0.28092700 
 H                  3.19737600   -5.46983700   -2.54321200 
 C                  3.09595800   -0.28165900    1.62448800 
 C                  2.27994700    0.15985600    2.67257800 
 C                  4.43493500   -0.61080100    1.89696800 
 C                  2.78166600    0.24277600    3.97234700 
 H                  1.25613200    0.44481200    2.46670800 
 C                  4.92952200   -0.54385800    3.19954700 
 H                  5.09961100   -0.90429100    1.09026300 
 C                  4.10185100   -0.11897100    4.24109400 
 H                  2.13615300    0.58913200    4.77485000 
 H                  5.96400700   -0.81256800    3.39653100 
 H                  4.48868500   -0.06010300    5.25515200 
 C                  3.84861900    0.63482000   -0.93565900 
 C                  4.22819200    1.88123400   -0.40347500 
 C                  4.55056000    0.13127800   -2.04120300 
 C                  5.28423900    2.59618700   -0.96707100 
 H                  3.67413200    2.30145500    0.42793000 
 C                  5.60727600    0.85437600   -2.60191600 
 H                  4.28806000   -0.83015100   -2.46722200 
 C                  5.97911200    2.08705000   -2.06730900 
 H                  5.56530200    3.55615300   -0.54129700 
 H                  6.14163400    0.44381500   -3.45487200 
 H                  6.80339200    2.64654000   -2.50208400 
 I                 -0.10339500   -2.26603600    1.29484000 
 C                  0.04037700    1.92048900   -1.44973000 
 P                  0.35219300    3.12289100   -0.12152300 
 O                  0.32990000    4.63124800   -0.81583500 
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 O                 -1.08364100    3.15479400    0.67948200 
 O                  1.55801800    2.94018700    0.76424000 
 C                  1.53275200    5.40091700   -0.91262800 
 C                 -1.21293500    4.06208500    1.78271200 
 H                  2.24344100    5.11436400   -0.13305600 
 H                  1.99453600    5.25848200   -1.89672500 
 H                  1.25641500    6.45320900   -0.79645900 
 H                 -1.38844600    5.07984700    1.41818300 
 H                 -0.31476600    4.04590200    2.40859200 
 H                 -2.07085600    3.72403300    2.36824300 
 C                 -1.23058600    2.28455600   -2.22472400 
 H                 -1.50055400    1.48104200   -2.91991300 
 H                 -2.08628400    2.48718400   -1.58912400 
 H                 -1.05004700    3.18811600   -2.82590400 
 C                  1.19428600    1.92490400   -2.46332100 
 H                  2.18052900    1.84815800   -2.01604800 
 H                  1.07610300    1.09443200   -3.17077100 
 H                  1.17066600    2.85148400   -3.05845800 
 
4.32 
0 1 
E: -2230.282 
H: -2230.281039 
G: -2230.434332 
Thermal Correction to Enthalpy: 0.880664 
Thermal Correction to Gibbs Free Energy: 0.72737  
SPE: -3235.577488 
 
0 3  
E: -2230.178257 
H: -2230.177313 
G: -2230.318867 
Thermal Correction to Enthalpy: 0.871812 
Thermal Correction to Gibbs Free Energy: 0.730259  
SPE: -3235.466719 
 
0 1* 
SPE: -3235.459806 
 
 C                 -0.21842500   -6.17315800   -1.27985800 
 C                  1.06129200   -5.80406200   -1.69544400 
 C                  1.58219500   -4.55403700   -1.34922900 
 C                  0.82595000   -3.65125700   -0.58595700 
 C                 -0.46526100   -4.03048500   -0.18511800 
 C                 -0.98068800   -5.28176800   -0.52079000 
 H                 -0.62253600   -7.14516100   -1.55106400 
 H                  1.66103600   -6.48900600   -2.28995500 
 H                  2.58118900   -4.28564800   -1.67685500 
 H                 -1.07664000   -3.33485600    0.38179400 
 H                 -1.98467300   -5.55090000   -0.20422500 
 C                  2.90099800   -2.69236900    4.31213900 
 C                  2.81137100   -3.77524600    3.43467500 
 C                  2.37680400   -3.58308400    2.12134700 
 C                  2.02584400   -2.30241700    1.66414400 
 C                  2.10962400   -1.22339700    2.55970600 
 C                  2.54888400   -1.41522500    3.87114100 
 H                  3.23684600   -2.84462100    5.33469800 
 H                  3.07762700   -4.77386800    3.77208600 
 H                  2.30480800   -4.43495100    1.45201100 
 H                  1.81663800   -0.23132400    2.22653500 
 H                  2.60563800   -0.56646100    4.54779500 
 C                  5.32281700   -1.59365100   -2.64488800 
 C                  5.40973200   -2.16091900   -1.37248400 
 C                  4.26648100   -2.28797200   -0.57807500 
 C                  3.02163300   -1.83870900   -1.04309200 
 C                  2.95054200   -1.25453500   -2.31829300 
 C                  4.08789200   -1.14242500   -3.11737600 
 H                  6.21219200   -1.49695000   -3.26219500 
 H                  6.36763900   -2.51113400   -0.99551200 
 H                  4.34839100   -2.73677200    0.40716800 
 H                  1.99697300   -0.87308900   -2.67567300 
 H                  4.01304900   -0.68880400   -4.10223000 
 P                  1.43208400   -1.95668400   -0.07306600 
 Pd                 0.00572300   -0.01955300   -0.17644200 
 P                 -2.38991500   -0.26123000   -0.12457900 
 C                 -3.07284600   -1.65859000   -1.15559200 
 C                 -3.51902700    1.14467000   -0.62196100 
 C                 -3.03708800   -0.64081100    1.58537700 
 C                 -4.15377400   -2.46800200   -0.77516200 
 C                 -2.44883900   -1.90540200   -2.38908300 
 C                 -4.55159400    1.02085800   -1.56301100 
 C                 -3.29499000    2.40129200   -0.03436700 
 C                 -4.34035400   -0.32687400    2.00505600 
 C                 -2.16836000   -1.26109900    2.49840500 
 C                 -4.60055300   -3.49469400   -1.61133800 
 H                 -4.64802400   -2.30274300    0.17726800 
 C                 -2.90492000   -2.91951000   -3.23128600 
 H                 -1.58885500   -1.30549200   -2.67706100 
 C                 -5.34123500    2.12368900   -1.90293200 
 H                 -4.74603600    0.06281800   -2.03376400 
 C                 -4.09096000    3.49684400   -0.36300100 
 H                 -2.48508900    2.52549400    0.67917700 
 C                 -4.76570400   -0.63940100    3.29781800 
 H                 -5.02243000    0.17135500    1.32276900 
 C                 -2.59569600   -1.57743800    3.78976100 
 H                 -1.14873800   -1.48412900    2.19471400 
 C                 -3.98190900   -3.71957200   -2.84263400 
 H                 -5.43648500   -4.11627500   -1.29967400 
 H                 -2.40939800   -3.09495800   -4.18259000 
 C                 -5.11723700    3.36207800   -1.30216600 
 H                 -6.13554900    2.00821600   -2.63644900 
 H                 -3.89746900    4.45983100    0.10159300 
 C                 -3.89620200   -1.26782000    4.19227800 
 H                 -5.77751400   -0.38856900    3.60656300 
 H                 -1.90764900   -2.05719700    4.48098800 
 H                 -4.33194200   -4.51768200   -3.49219900 
 H                 -5.73257000    4.21827000   -1.56649900 
 H                 -4.22887200   -1.50778400    5.19892600 
 P                  0.96219900    2.19227700   -0.10847600 
 C                  2.71963500    2.52250400   -0.65604800 
 C                  1.00463900    2.86707700    1.63307900 
 C                  0.03818700    3.51685900   -1.04289600 
 C                  3.09305200    3.58659500   -1.49060700 
 C                  3.71570300    1.63860300   -0.20996300 
 C                  1.94462100    3.81291400    2.07394800 
 C                  0.05133300    2.39141500    2.54894500 
 C                 -0.13939400    4.82982400   -0.58127300 
 C                 -0.51063100    3.16095300   -2.28531200 
 C                  4.42906200    3.76367000   -1.86257500 
 H                  2.34338800    4.28272100   -1.85198000 
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 C                  5.04949400    1.82225600   -0.57072200 
 H                  3.44145800    0.79433800    0.41557400 
 C                  1.92102200    4.27961900    3.39014400 
 H                  2.70230100    4.18178600    1.38907500 
 C                  0.02472800    2.86228200    3.86325100 
 H                 -0.66343100    1.63739000    2.22911700 
 C                 -0.84344200    5.76284500   -1.34706600 
 H                  0.26855700    5.12802600    0.37960000 
 C                 -1.20116500    4.09590600   -3.05645900 
 H                 -0.40678500    2.13782700   -2.63823700 
 C                  5.41070500    2.88644000   -1.40131100 
 H                  4.69929700    4.59272800   -2.51213200 
 H                  5.80189500    1.12228400   -0.21800300 
 C                  0.95983300    3.80853500    4.28727800 
 H                  2.65716300    5.01103700    3.71436600 
 H                 -0.72176300    2.48136000    4.55547900 
 C                 -1.37148800    5.40048000   -2.58748000 
 H                 -0.97578500    6.77512500   -0.97274900 
 H                 -1.61965300    3.80109200   -4.01517600 
 H                  6.44894700    3.02550700   -1.69176200 
 H                  0.94463800    4.17158400    5.31174400 
 H                 -1.91849400    6.12764900   -3.18201600 
 
4.33 
 
0 1* 
SPE: -3235.464066 
 
 C                  5.53431300   -2.28514400   -1.71611700 
 C                  4.99479900   -1.27889400   -2.51812900 
 C                  4.09577300   -0.35442100   -1.98064200 
 C                  3.71469400   -0.42471100   -0.63242700 
 C                  4.26051300   -1.44504100    0.16379900 
 C                  5.16511600   -2.36317700   -0.37083700 
 H                  6.24351900   -2.99667100   -2.13220900 
 H                  5.28065200   -1.20296600   -3.56453900 
 H                  3.70688800    0.43508500   -2.61504200 
 H                  3.99254900   -1.49931000    1.21356900 
 H                  5.59073200   -3.13266100    0.26884200 
 C                  3.94667600    1.81137100    4.40576900 
 C                  4.86536200    1.62081000    3.35062600 
 C                  4.45630400    1.27477100    2.07772500 
 C                  3.04998300    1.07607700    1.77457600 
 C                  2.12642800    1.31226800    2.85844900 
 C                  2.56332900    1.64910200    4.12043500 
 H                  4.28288200    2.09913000    5.39601300 
 H                  5.93060500    1.74628500    3.54072700 
 H                  5.19891900    1.12587800    1.29897500 
 H                  1.05876300    1.21562000    2.67285100 
 H                  1.82987100    1.80009100    4.91073400 
 C                  2.71372200    4.57362700   -2.58232000 
 C                  3.43694400    4.50670100   -1.38627100 
 C                  3.39798600    3.35415200   -0.59981700 
 C                  2.64223800    2.24015900   -1.00026400 
 C                  1.90899900    2.32378400   -2.19852000 
 C                  1.94798900    3.47727500   -2.98604700 
 H                  2.74477400    5.47337000   -3.19158800 
 H                  4.03464200    5.35634600   -1.06469100 
 H                  3.94725600    3.31637600    0.33630400 
 H                  1.30344500    1.47712000   -2.51746700 
 H                  1.37982200    3.51973200   -3.91261000 
 P                  2.46813100    0.74432200    0.13842900 
 Pd                 0.00478300    0.38418200    0.06636200 
 P                 -0.15838700   -2.03943400   -0.06561000 
 C                  0.61811400   -2.56689000   -1.65851600 
 C                 -1.81944400   -2.87823000   -0.09915400 
 C                  0.67675600   -2.98766900    1.28703400 
 C                  1.67797000   -3.47904400   -1.73526600 
 C                  0.13059600   -1.98372700   -2.84233400 
 C                 -2.25869400   -3.69308400   -1.15409600 
 C                 -2.67124000   -2.67764500    1.00091500 
 C                  0.55788000   -4.38587000    1.37889600 
 C                  1.39608000   -2.29561700    2.27148500 
 C                  2.22725100   -3.81628400   -2.97477800 
 H                  2.08851700   -3.91629800   -0.83206800 
 C                  0.67363800   -2.33277100   -4.07811500 
 H                 -0.67907700   -1.25923900   -2.79749800 
 C                 -3.52169400   -4.29051000   -1.10761800 
 H                 -1.61767600   -3.86726200   -2.01159400 
 C                 -3.92891000   -3.27753000    1.04552100 
 H                 -2.35277100   -2.04728200    1.82571600 
 C                  1.16375400   -5.07652100    2.42745700 
 H                 -0.01681100   -4.93396300    0.63772300 
 C                  1.99617900   -2.99161200    3.32533800 
 H                  1.50304800   -1.21788800    2.22049100 
 C                  1.72380400   -3.25218600   -4.14653800 
 H                  3.05654900   -4.51630700   -3.01806800 
 H                  0.28185900   -1.88063500   -4.98542500 
 C                 -4.35956200   -4.08461400   -0.01094800 
 H                 -3.84487900   -4.92314000   -1.93038700 
 H                 -4.57328500   -3.10509400    1.90279100 
 C                  1.88341200   -4.37933100    3.40319600 
 H                  1.06721300   -6.15742000    2.48732300 
 H                  2.54798100   -2.43754300    4.07899900 
 H                  2.15315600   -3.51809500   -5.10873600 
 H                 -5.34109800   -4.54976800    0.02173400 
 H                  2.34926300   -4.91920800    4.22345300 
 P                 -2.23409600    1.33857600    0.04800300 
 C                 -2.12306100    3.17754200    0.27715900 
 C                 -3.37847700    0.82980100    1.41501300 
 C                 -3.23798800    1.14458400   -1.50097500 
 C                 -3.16384400    3.92728200    0.84894800 
 C                 -0.95779100    3.83662100   -0.14291100 
 C                 -4.75567500    0.63291800    1.24348900 
 C                 -2.81713200    0.65135900    2.69091000 
 C                 -3.58799700   -0.15144300   -1.91942700 
 C                 -3.60279500    2.23634900   -2.30239100 
 C                 -3.03807300    5.30914800    0.99333200 
 H                 -4.06913700    3.43257800    1.18740000 
 C                 -0.83678700    5.22075300   -0.00118900 
 H                 -0.13836800    3.27291700   -0.57958000 
 C                 -5.55575700    0.26331800    2.32816300 
 H                 -5.20510100    0.76108300    0.26380400 
 C                 -3.61868700    0.28840900    3.77298600 
 H                 -1.74899700    0.79437000    2.83543200 
 C                 -4.29781900   -0.34610600   -3.10401400 
 H                 -3.31365600   -1.01083900   -1.31619500 
 C                 -4.30373900    2.03566700   -3.49445900 
 H                 -3.34173200    3.24481300   -1.99958700 
 C                 -1.87526600    5.95792500    0.56880800 
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 H                 -3.84780500    5.87862200    1.44187900 
 H                  0.07488000    5.71112600   -0.32964000 
 C                 -4.99083000    0.09050500    3.59289600 
 H                 -6.62220100    0.11284900    2.18187500 
 H                 -3.17113700    0.15634300    4.75421700 
 C                 -4.65527500    0.74713700   -3.89750800 
 H                 -4.56641400   -1.35488100   -3.40604900 
 H                 -4.57761200    2.89229100   -4.10464600 
 H                 -1.77844800    7.03370000    0.68841600 
 H                 -5.61514100   -0.19570800    4.43505700 
 H                 -5.20285200    0.59442700   -4.82365000 
 
4.34 
 
E: -2230.192097 
H: -2230.191153 
G: -2230.344491 
Thermal Correction to Enthalpy: 0.878492 
Thermal Correction to Gibbs Free Energy: 0.725153  
SPE: -3235.491706 
 
0 3 
C                 -1.90830800    5.51982800   -1.37290400 
 C                 -2.66327500    4.63094800   -2.14606000 
 C                 -2.80761500    3.30047200   -1.75191500 
 C                 -2.20327300    2.83540500   -0.57182500 
 C                 -1.45918500    3.74347100    0.20932700 
 C                 -1.30872900    5.06984300   -0.19504700 
 H                 -1.79576900    6.55537600   -1.68288900 
 H                 -3.14228700    4.97362900   -3.05986200 
 H                 -3.39326400    2.62257100   -2.36454500 
 H                 -0.99737600    3.40819400    1.13366100 
 H                 -0.72348500    5.75294500    0.41499200 
 C                 -4.01950700    1.42092400    4.29693200 
 C                 -4.43165600    2.32166000    3.31263300 
 C                 -3.94209000    2.21335500    2.00916100 
 C                 -3.02393400    1.20154500    1.67223200 
 C                 -2.59679600    0.32031500    2.67713800 
 C                 -3.10248300    0.41569900    3.97408900 
 H                 -4.39949000    1.50928600    5.31143400 
 H                 -5.13469400    3.11375600    3.55891800 
 H                 -4.26610100    2.92459300    1.25476200 
 H                 -1.83822000   -0.42389100    2.44567100 
 H                 -2.76737500   -0.28430500    4.73530800 
 C                 -5.63732400   -0.61964600   -2.80438100 
 C                 -5.99092600   -0.03887400   -1.58485100 
 C                 -5.00432200    0.44310500   -0.72263200 
 C                 -3.64835700    0.35338700   -1.07355800 
 C                 -3.30246000   -0.24605800   -2.29367300 
 C                 -4.28985100   -0.72733700   -3.15432100 
 H                 -6.40747600   -0.99334900   -3.47443200 
 H                 -7.03758800    0.04029400   -1.30148100 
 H                 -5.29492300    0.88323300    0.22544800 
 H                 -2.25074200   -0.33800000   -2.55672400 
 H                 -4.00434300   -1.19417800   -4.09334000 
 P                 -2.27404100    1.06283500   -0.03642200 
 Pd                -0.01936100    0.30017500   -0.22161000 
 P                  2.29914200    0.99602300   -0.08956200 
 C                  2.43817200    2.67606500   -0.88051000 
 C                  3.70741300    0.03890100   -0.82480200 
 C                  2.92684200    1.33222200    1.64781200 
 C                  3.40996200    3.61474800   -0.49265100 
 C                  1.56298500    3.00129700   -1.92799600 
 C                  4.38435800    0.47521400   -1.97434800 
 C                  4.07515800   -1.19258900   -0.25168600 
 C                  4.28132600    1.24798000    2.01196000 
 C                  1.98408500    1.66143100    2.63410600 
 C                  3.50857600    4.84165700   -1.15076200 
 H                  4.08637400    3.39194100    0.32625800 
 C                  1.65735100    4.23241100   -2.57882700 
 H                  0.80285000    2.28102700   -2.22619200 
 C                  5.40397500   -0.29665500   -2.53419000 
 H                  4.11838300    1.42195600   -2.43346800 
 C                  5.09370700   -1.96133900   -0.81410000 
 H                  3.56758700   -1.55243200    0.63873600 
 C                  4.67662400    1.48456700    3.33131200 
 H                  5.02939100    0.99266200    1.26790400 
 C                  2.38112700    1.91576300    3.94687200 
 H                  0.92858600    1.69327500    2.36692700 
 C                  2.63616200    5.15271900   -2.19636500 
 H                  4.26804200    5.55644600   -0.84353700 
 H                  0.95970900    4.47286300   -3.37624100 
 C                  5.76273000   -1.51683600   -1.95650500 
 H                  5.92081300    0.06072800   -3.42134300 
 H                  5.36096400   -2.91130000   -0.35924900 
 C                  3.73046100    1.81980400    4.30139700 
 H                  5.72761900    1.40723200    3.59918800 
 H                  1.63622100    2.17661100    4.69456800 
 H                  2.71540600    6.10967400   -2.70597400 
 H                  6.55739500   -2.11641200   -2.39271000 
 H                  4.04050100    1.99992900    5.32754100 
 P                 -0.08178500   -2.09081000   -0.01861100 
 C                 -1.67195100   -2.92981200   -0.47511500 
 C                  0.27719200   -2.80068900    1.67234200 
 C                  1.15314800   -2.97059900   -1.10793600 
 C                 -1.79699400   -3.71187200   -1.63517000 
 C                 -2.80419700   -2.75574500    0.34238400 
 C                 -0.26436600   -4.01932700    2.12370600 
 C                  1.09117900   -2.06245900    2.54682000 
 C                  1.70783400   -4.21428900   -0.76729500 
 C                  1.47576900   -2.39931300   -2.34723400 
 C                 -3.01792600   -4.29964000   -1.96867500 
 H                 -0.93946600   -3.86612300   -2.28100400 
 C                 -4.02356700   -3.34325300    0.00488400 
 H                 -2.73566900   -2.16144900    1.24793700 
 C                  0.00791800   -4.47958600    3.41444100 
 H                 -0.90077800   -4.60809300    1.47046700 
 C                  1.37981500   -2.53458800    3.82656700 
 H                  1.47966900   -1.09967100    2.22702100 
 C                  2.55704500   -4.87526600   -1.65657800 
 H                  1.47800100   -4.66858500    0.19101600 
 C                  2.32260600   -3.06277300   -3.23614600 
 H                  1.06302400   -1.42505500   -2.60183100 
 C                 -4.13625000   -4.11672200   -1.15145000 
 H                 -3.09263800   -4.90355900   -2.86950900 
 H                 -4.88657800   -3.19205700    0.64772500 
 C                  0.83115800   -3.74342900    4.26858300 
 H                 -0.42448600   -5.41905700    3.75043300 
 H                  2.02002200   -1.94940700    4.48170400 
 C                  2.86252800   -4.30403000   -2.89401900 
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 H                  2.97830400   -5.83925100   -1.38187900 
 H                  2.56878600   -2.60361400   -4.18990000 
 H                 -5.08676100   -4.57393400   -1.41318500 
 H                  1.03830000   -4.10401800    5.27278800 
 H                  3.52323900   -4.82128200   -3.58512700 
 
 Pd(PPh3)4 
 
E: -2931.426169 
H: -2931.425225 
G: -2931.615515 
Thermal Correction to Enthalpy: 1.17514 
Thermal Correction to Gibbs Free Energy: 0.98485  
SPE: -4271.476696 
 
0 1 
 Pd                 0.00231900    0.01456700    0.01365100 
 P                 -0.96638200    1.39522100   -1.92893900 
 P                  1.54990500    1.46908900    1.42223300 
 P                 -1.91709200   -0.87959900    1.46913500 
 P                  1.33616300   -1.97721200   -0.95343900 
 C                  0.22161800    2.07021100   -3.21386500 
 C                 -1.89742100    2.96429800   -1.49521600 
 C                 -2.22378300    0.57757900   -3.05532500 
 C                  0.15141000    3.37267700   -3.73441000 
 C                 -3.12229800    3.33334600   -2.07458700 
 C                 -2.24231000    0.73651500   -4.45066900 
 C                  1.06403400    3.80458200   -4.70122000 
 C                 -3.75763100    4.52226400   -1.70354600 
 C                 -3.21947700    0.10720500   -5.22716700 
 C                  2.05377600    2.94002300   -5.17270200 
 C                 -3.17563900    5.36784300   -0.75743100 
 C                 -4.20088500   -0.68128600   -4.62309800 
 C                  2.13240000    1.64129300   -4.66410700 
 C                 -1.95592400    5.01298800   -0.17613200 
 C                 -4.19447500   -0.84498500   -3.23587700 
 C                  1.23047100    1.21657700   -3.68812600 
 C                 -1.33041000    3.81932100   -0.53642800 
 C                 -3.20951900   -0.22814100   -2.46384000 
 C                  3.00028400    2.28741300    0.55857300 
 C                 -3.10302000    0.36816500    2.21507600 
 C                  0.43219200   -3.15150400   -2.10310900 
 C                  4.29133500    2.37263300    1.10497200 
 C                  0.55688800   -4.54931000   -2.04994700 
 C                  5.32097600    3.00988900    0.40624200 
 C                 -0.14074900   -5.36214700   -2.94829000 
 C                  5.07652100    3.58223000   -0.84360800 
 C                 -0.96428500   -4.79333700   -3.92177700 
 C                  3.79615900    3.50519400   -1.39676700 
 C                 -4.45242500    2.36937000    1.87856500 
 C                  2.77352900    2.85604800   -0.70461500 
 C                 -3.55023200    1.41935700    1.39882800 
 C                  0.81714700    2.95844400    2.29582300 
 C                 -3.14498600   -2.06607900    0.69472900 
 C                  2.84617000   -1.59906300   -2.00048500 
 C                 -2.64129300   -3.08456500   -0.12985500 
 C                  3.74293300   -0.62582700   -1.53120300 
 C                 -3.49204800   -4.02166500   -0.71693500 
 C                  4.89611600   -0.30503200   -2.24765300 
 C                 -4.87064200   -3.94542900   -0.50447800 
 C                  5.16666400   -0.94205700   -3.46117300 
 C                 -5.38737200   -2.93016700    0.30287600 
 C                  4.27858600   -1.90390800   -3.94590800 
 C                 -4.53230200   -2.00135700    0.90305800 
 C                  3.13044100   -2.23483800   -3.21981800 
 C                  2.44590200    0.66356800    2.85966900 
 C                 -1.46337300   -1.84950600    3.00943200 
 C                  2.08099700   -3.21283900    0.24427900 
 C                  3.00760400   -0.60604700    2.65194300 
 C                  1.31228800   -3.59628900    1.35424000 
 C                  1.78849200   -4.53620200    2.26912700 
 C                  3.05597200   -5.09826100    2.09953500 
 C                  3.83774200   -4.71620200    1.00731700 
 C                 -2.07503800   -3.05739800    3.38187600 
 C                  3.35342800   -3.78558000    0.08393500 
 H                 -0.61741100    4.05556600   -3.38903700 
 H                 -3.58681900    2.69625500   -2.81956300 
 H                 -1.49533600    1.35404200   -4.93785400 
 H                  0.99335700    4.81771800   -5.08961500 
 H                 -4.70631200    4.78806400   -2.16366200 
 H                 -3.21475500    0.24175400   -6.30614300 
 H                  2.75999700    3.27634300   -5.92766900 
 H                 -3.66931700    6.29371000   -0.47313500 
 H                 -4.96224000   -1.16660200   -5.22861300 
 H                  2.90375600    0.95905400   -5.01015900 
 H                 -1.49463800    5.65244300    0.57117800 
 H                 -4.94213400   -1.46527800   -2.74959400 
 H                 -0.39797500    3.54511400   -0.05590900 
 H                 -3.20068100   -0.38834600   -1.39172100 
 H                  4.49953600    1.94432900    2.07971400 
 H                  1.20115400   -5.01025200   -1.30885500 
 H                  5.87772400    4.08074800   -1.38343600 
 H                 -1.50225500   -5.42733800   -4.62210800 
 H                  3.59061600    3.93259900   -2.37417200 
 H                 -4.77808700    3.17333500    1.22446700 
 H                  1.79308700    2.77724200   -1.16043300 
 H                 -3.18042100    1.50647500    0.38346400 
 H                 -1.57646200   -3.14004400   -0.32674200 
 H                  3.53401800   -0.10294500   -0.60448500 
 H                 -3.07380200   -4.79734800   -1.35219800 
 H                  5.56976500    0.45490600   -1.86190400 
 H                 -6.45873200   -2.86136200    0.47536300 
 H                  4.47945800   -2.40728800   -4.88858300 
 H                 -4.95124200   -1.22705600    1.53694200 
 H                  2.45775300   -2.99206400   -3.60793200 
 H                  2.88332100   -1.09736200    1.69355600 
 H                  0.33950800   -3.14552000    1.51502900 
 H                  4.82638300   -5.14626300    0.86621900 
 H                 -2.85933800   -3.48385700    2.76583700 
 H                  3.97110700   -3.50887100   -0.76388900 
 C                 -1.09520800   -3.40401100   -3.98576500 
 C                 -0.41035600   -2.59499800   -3.07875100 
 C                 -0.38721900    5.09925600    3.68056500 
 H                 -0.85058400    5.92540200    4.21408900 
 C                 -3.57611200    0.30233500    3.53582000 
 H                 -3.25121600   -0.49940300    4.19031000 
 C                 -4.91270100    2.29544600    3.19545800 
 C                 -4.46840500    1.26187800    4.02244800 
 H                 -4.82020400    1.19420900    5.04905500 
 C                  3.70828400   -1.25902700    3.66616100 
 C                  2.59220500    1.25705200    4.12407100 
 H                  2.17064300    2.23764900    4.31767500 
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 C                  3.28177600    0.59786200    5.14613200 
 H                  3.38218000    1.07491000    6.11810500 
 C                  3.84608500   -0.65896500    4.92007100 
 H                  4.38521500   -1.16805400    5.71505200 
 C                  1.45994000    4.20366800    2.39135400 
 H                  2.43329800    4.34957500    1.93503600 
 C                  0.85948000    5.26557000    3.07385600 
 H                  1.37328300    6.22193100    3.13477900 
 C                 -0.44185000    2.81093100    2.89868000 
 C                 -1.03630300    3.86571700    3.59219100 
 C                 -0.45475200   -1.33107400    3.83805300 
 H                  0.05027300   -0.41232800    3.56108500 
 C                 -0.07736000   -1.98741500    5.00963000 
 H                  0.70770900   -1.56341600    5.62931200 
 C                 -1.68651400   -3.72440400    4.54767900 
 C                 -0.69078800   -3.19055800    5.36747600 
 H                 -1.74222800   -2.94402100   -4.72735500 
 H                 -0.03145100   -6.44235300   -2.88869300 
 H                 -0.54564400   -1.52019000   -3.12312800 
 H                 -5.53694100   -4.66943000   -0.96677900 
 H                 -2.17219300   -4.65947600    4.81616800 
 H                 -0.39329000   -3.70821800    6.27594400 
 H                  4.12825400   -2.24274300    3.47605200 
 H                  6.31374200    3.06304200    0.84664300 
 H                  1.32311000    0.21507200   -3.28303000 
 H                  6.06070000   -0.68881500   -4.02542500 
 H                  1.17152100   -4.81232400    3.11962900 
 H                  3.43296800   -5.82526400    2.81452800 
 H                 -5.60962800    3.03863000    3.57472400 
 H                 -2.01283300    3.72208200    4.04608600 
 H                 -0.97169900    1.86892500    2.81283100 
 
 
E: -827.920419 
H: -827.919475 
G: -827.9883 
Thermal Correction to Enthalpy: 0.29433 
Thermal Correction to Gibbs Free Energy: 0.225504 
SPE: -1163.777628 
 
0 1 
 C                  0.95743100    4.17051900   -1.50838900 
 C                  1.44177600    3.02039400   -2.13326600 
 C                  1.17081000    1.75953500   -1.59541000 
 C                  0.41468900    1.63586800   -0.42005500 
 C                 -0.05787200    2.79998300    0.20706600 
 C                  0.20425100    4.05712500   -0.33694300 
 H                  1.17112600    5.15039500   -1.92726500 
 H                  2.03384700    3.10114900   -3.04135100 
 H                  1.55558500    0.87323000   -2.09040300 
 H                 -0.62357400    2.71148500    1.13149300 
 H                 -0.17021500    4.94852400    0.15958600 
 C                 -4.06859000   -1.24063200   -1.57345400 
 C                 -3.30291000   -0.24650700   -2.18457800 
 C                 -2.08150400    0.14336200   -1.62901100 
 C                 -1.61451400   -0.45524700   -0.44919000 
 C                 -2.39790300   -1.44649000    0.16349500 
 C                 -3.61154700   -1.84225900   -0.39805800 
 H                 -5.01960300   -1.54024800   -2.00597500 
 H                 -3.65528000    0.23044000   -3.09563900 
 H                 -1.49725300    0.91977600   -2.11327100 
 H                 -2.05205300   -1.89598300    1.09124800 
 H                 -4.20537200   -2.61196900    0.08801900 
 C                  3.13947900   -2.88844100   -1.54343000 
 C                  1.89694000   -2.73687500   -2.16042900 
 C                  0.93906300   -1.87870700   -1.61382900 
 C                  1.21287400   -1.16571100   -0.43714300 
 C                  2.46219500   -1.33400800    0.18187700 
 C                  3.42123200   -2.18207000   -0.37107200 
 H                  3.88207000   -3.55837300   -1.96888200 
 H                  1.66836200   -3.28795600   -3.06912800 
 H                 -0.02418000   -1.77142700   -2.10288000 
 H                  2.67119400   -0.80270600    1.10735000 
 H                  4.38401000   -2.30006000    0.11933200 
 P                 -0.00102000   -0.00205600    0.36104200 
 Pd                -0.01866900   -0.02509700    2.58941500 
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APPENDIX A: SPECTROSCOPIC DATA 
 
Figure A.1 1H NMR Spectrum of Compound 1.06 (500 MHz, CDCl3) 
 
Figure A.2 13C NMR Spectrum of Compound 1.06 (127 MHz, CDCl3) 
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Figure A.3 1H NMR Spectrum of Compound 1.11 (500 MHz, CDCl3) 
 
Figure A.4 13C NMR Spectrum of Compound 1.11 (127 MHz, CDCl3) 
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Figure A.5 1H NMR Spectrum of Compound 1.12 (500 MHz, CDCl3) 
 
Figure A.6 13C NMR Spectrum of Compound 1.12 (127 MHz, CDCl3) 
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Figure A.7 1H NMR Spectrum of Compound 1.13 (500 MHz, CDCl3) 
 
Figure A.8 13C NMR Spectrum of Compound 1.13 (127 MHz, CDCl3) 
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Figure A.9 1H NMR Spectrum of Compound 1.04 (500 MHz, CDCl3) 
 
Figure A.10 13C NMR Spectrum of Compound 1.04 (127 MHz, CDCl3) 
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Figure A.11 1H NMR Spectrum of Compounds 1.16 & 1.15 (500 MHz, CDCl3) 
 
Figure A.12 13C NMR Spectrum of Compounds 1.16 & 1.15 (127 MHz, CDCl3) 
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